L3 L}ﬂ] 19 'l' 1t i1 4 ¥ ! '4'”\!.“ I X i !li ‘”"Il 1 - *
- &

)

13

;o
H 5

Evaluation of Cleanup Capabﬂiﬁeé for Large Blowout Spills
in the Alaskan Beaufort Sea During Periods of Broken Ice

, for

h

»

’ " Alaska Clean Seas . .
Anchorage, AK

] and
_Department of the Interior , .
Minerals Management Service
Anchorage, AK ) 4 . .
on behalf of the

North Sl;»pe Spill Response Project Team

.
by : :
LR L]
+
5
.

S.L. Ross Environmental Research Ltd.
+ Ottawa, ON

*

D.F. Dickins and Associates Ltd.
Salt Spring Island, BC

’ ¢
! ’ and

¥

Vaundrey and Asst;eiates, lﬁc. .
San Luis Obispo, CA

" June 1998

Tt



|

1 ! L LA N0 A E S L L A D ol DL | S e el

€

" Executive Summary

1. Background o o ’ ;

This study was performed for Alaska Clean Seas and the U.S. Minerals ManagementiService, acting

: on behalf of the North Slope Spill Response Project Team (NSSRPT)', a task group formed to

develop cofnprehensive'oil spill resbonse plans for petroleum operations on the North Slope of
Alaska. The objective of the study was to evaluate the capabilities to recover spilled oil from very
large oil well blowouts occurring during broken ice conditions in the southern Beaufort Sea. The
study team was to consider six well-defined oil well blowout scenarios and determine quantitatively:

 whether the mechanical cleanup systems that are currently available on the North Slope are
adequate to satisfy Alaska State requirements for cleaning up spills from blowouts in broken .
ice conditions;

» whether additional resources would significantly improve the exlstmg mechanical recovery
capability, and to what extent; and

+ what the maximum cleanup capabilities might be for dealmg with blowout spills in broken ice
if all possible cleanup techmques were considered

The scenarios cover two locations (Point McIntyre and Northstar Island) in three ice concentrations
(30, 50 and 70% respectively). For Point Mclntyre the scenarios are 12,000 barrel-per-day spills
during spring break-up conditions. The Northstar Island scenarios are 15,000 barrel-per-day spills '
that occur during fall freeze-up : : ) .

The study describes in detail the behavior and fate of the six blowout scenarios and the likely
effectiveness of countermeasures in recovering the resulting spills on water and ice. First, the
effectiveness of the mechanical recovery systems that exist on the North Slope is assessed. Then the
possible benefits are evaluated of adding more mechanical systems to the response, and of adding
the countermeasures of dispersant use and in situ burning to the mix of response options available.
Also discussed is the potential benefit of igniting and burning the blowout at source and thus
preventing a ma_]or marine spxll from occurring in the first i mstance The results are sunmarized as
follows. , -

! The NSSRPT members include: Alaska Clean Seas, Alaska Department of Environmental
Conservation, Alaska Department of Natural Resources, Alyeska Pipeline Service Company,
British Petroleum Exploration (Alaska) Inc , North Slope Borough, us Environmental Protection

Agency, and US Minerals Management Service .-

S - » . i Executive Summary - Page 1
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2. Effectiveness of Existing Mechanical Countermeasures

" Results are summarized in the Table S-1. Effectiveness is deﬁned as the percentage of the blowout

flow over the 15-day period that could be recovered by existing response systems. A second
effectiveness number is also shown; it takes into account the reduction in blowout volume due to
evaporative losses — fixed at 20% for all scenarios — and losses due to tiny-particle drift — estimated
to be 10% of the total blowout flow. This second eﬂ'ectiveness number is therefore the percentage
recovery of the oil that is estimated to land in the marine envxronment, that 1s, 70% of the total
blowout flow. :

i

_TABLE S-l
Summary of Recovery Effectiveness for Six Scenarios

. Freeze-up - Break-up
Ice Coverage - Ice Coverage '
C30% | 50% 30% | 50% | 70% |

Estimated 15-day recovery as a 5.9 22 . 18 12 44
percentage of total blowout ,

Estimated 15-day recoveryasa
percentage of total blowout that - 8.5
jreaches ice/water surface |

Scenario Parameters

Major factors aﬁ'ecting! the results are discussed below.

Effects of Ice ‘
The major effects of the ice are that (a) a certain percentage of the blowout lands on ice a.nd is thus

unavailable for containment and recovery based countermeasures; and (b) as the ice coverage
increases, it becomes more and more difficult to operate containment boom to concentrate oil for
recovery. Particularly for the spills in 70% ice coverage, attemptmg a containment and recovery
response would be almost pomtless = . O

-

Jnitial Slick Conditi ‘ ,
Each blowout produces a thick, relatively narrow band of oil directly down drift of the blowout

source, with a much wider relatively thin slick on each side of the thick slick. It is estimated that
about 60% of the oil that eventually reaches the surface will land in the thick portion of the slick. It
was also estimated that (2) 20% of the total blowout flow would evaporate from the droplets in the
alr; and (b) 10% of the droplets would be so small that they would remain suspended in the

‘ . N ExecmiveSummary - Page2
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atmosphere. In total, an estunatcd 70% of the blowout flow will eventually reach the 1ce/water ‘
surface. This means that only about 40% of the total blowout flow (60% x 70%) will reach the
surface and form a thick slick. About 30% of the total blowout flow (40% x 70%) will reach the
surface, but in a relatively thin slick for which a containment and recovery response would be
relatively ineffective, whether in broken ice or open water conditions.

t

Daylight Hours )

It was assumed that recovery operations would be conducted only during daylight hours, for reasons
of worker safety and due to difficulties in positioning containment equipment relative to the slick.
For the freeze-up scenarios, with daylight hours ranging from 8 to 12 hours, this causes a decrease
in effectiveness to only one-third to one-half what it otherwise could be. There is no such reduction
in effectiveness in the spring break-up scenarios given the 24-hours of daylight at that time of year.

lavs j in .
The ice conditions during freeze-up at West Dock, where the primary equipment and marine logistics

‘are located, means that the response time would be 60 hours as opposed to the 12 hours used in the

break-up scenarios. Over the 15-day period, this translates into a loss in effectiveness of 17%. ‘

Considering the negative effect of weather (mostly sea state and visibility) on countermeasures
effectiveness, it was calculated that containment and skimming equipment could be operated 77%

" of the time during freeze-up and 66% during break-up.

s

In all spill cases, the entire width of the thick slick could be encountered using one or two systems
with a total boom length of no greater than 720 feet. Similarly, there are a number of skimmers
stockpiled with (derated) recovery rates that exceed the rate at which oil would be encountered in
the thick slick, so the capability of recovery equipment should not limit the operation. Finally, there
is adequate logistical systems to support the containment and Tecovery operation, including the
storage and 11ansfer of recovered fluids.

- In each of the scenarios, consxdcranon was given to the p0351ble effectiveness of addmonal

containment and recovery systems. In each case it was found that any such equipment would be
limited to chasmg relatively thin slicks of oil — either that which originally landed outside the thick
portion of the slick or that which was Jost past containment due to ice problems — and would
contribute little more to the overall effectlveness

v N o . Executive Summary - Page 3
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4. Alternative Countermeasures ) - . . -

For each of the six blowout scenarios the potential effectiveness of alternative countermeasures was
also examined. This includes the use of dlspersants in situ burning, and igniting the well to burn off

- the oil as it is emitted from the well. The results are summarized in Table S-2. In each case,
- effectiveness is defined as the percentage of the blowout flow over the 15-day penod that could be

dea.lt with by the particular techmque

&

" TABLE S-2 ) ' ,
Summary of Recovery Effectiveness for Alternative Countermeasures
(as a percentage of total blowout flow)

Ice Coverage - Ice Coverage
1 , 30% | 50% 50%
| Existing Countermeasures 59 | 22 | 06 | 18 12 | 44
Dispersant - Use ) 4.2 0 0 0 0 0
In-Situ Burning' - on-water 34 | 22 | 64 | o 14 | 71
- on-ice 1 o |0 o .15 | 25 | 33
Well Ignition ) , 99 74

. Note that ISB on-water effectiveness is for comparison with existing containment and recovery

‘effectiveness; ISB on-ice effectiveness would be in addmon to either contamment and recovery or
ISB on-water effectiveness. - M . :

+ The use of dispersants is an attractive option for dealing with blowout-type spills, particularly those

that are relatively close to centers of logistic support, as are the spills in these scenarios. The modest
daily spill rate combined with the ability to deliver the required quantities of dispersant while the oil
is relatively thick means that there are good opportunities for application. Also, a dispersant
operation as described here could be mounted relatively quickly, within 12 hours as opposed to the
60 hours estimated for containment and recovery in the freeze-up scenarios. Unfortunately, the
presence of ice tcnds to dampen any wave action which is reqmred for effective dlspersmn In this

- ’ Executive Summary - Page 4
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evaluation, 1t is assumed that dlspersants would be only 25% effective in 30% ice. For the 50% and
70% ice scenarios dispersant-use is assumed to be ineffective due to the limited wave energy,

k]

Another problem, not related to the ice coverage, is the properties of the oil chosen for the break-up
scenarios. Although the 24-hours of daylight would have otherwise made these scenarios attractive
to a serious dispersant effort, the oil is of a viscosity that is resistant to dispersant effectiveness. It

- should be noted that the Pt. Mclntyre oil used in the break-upﬂscenarios has a viscosity that is

atypical of North Slope crudes, and that most other oils could be much more amenable to dispersion

. In sty Buming

For the freeze-up scenarios at Jow and medium ice concentration, in-situ burning offers little
advantage over containment and recovery techniques. Because the slicks emanating from the
blowout are below burnable concentrations, containment is required to concentrate and thicken the
oil before it is burned As in the evaluations of booming and skimming, in-situ burning is limited in -
these scenarios by both the inability to effectively contain oil among broken ice and the fact that
thcre is only 10-1/2 to 12 hours of daylight. 1

For the freeze-up scenario in 7/10ths ice, there is a potential to contain and burn oil using the area
of open water - or wake - that is likely to be present down drift of the production island. In this
situation, a batch-type contain-and-burn operation is estimated to burn off up to 6.4% of the total
blowout flow, well in excess of the predicted eﬂ'ecﬁvenés; of a containment and recovery operation.

For the break-up scenarios, burning on water using fire containment boom provides an effectiveness
that is approximately equal to that afforded by containment and recovery. Because of the above-
freezing temperatures, oil that lands on jce will tend to be herded into concentrations that may allow
burning using only the natural containment provided by the ice. In this situation, buming the oil that
lands on floes and concentrates in melt pools offers an oil removal capability that would supplement
either the on-water burning operation or containment and recovery.

The possibility and potential effectiveness of intentionally igniting the blowing well was briefly
examined. Based on previous studies on this subject, it is estimated that up to 74% for the Pt.
Mclntyre scenarios (break-up) and up to 99% of the Northstar scenarios (freeze-up) would be
consumed in such a fire. : :

wor e . - » Ex‘ecvaeSumm&g;- Page 5
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5. Report Addendum - S L ;

Subsequent to the preparation of the draft report of this study it was decided to re-analyze the
situation using more realistic conditions instead of the unvarying winds and ice concentrations that
were used originally. The spring break-up and fall freeze-up situations were examined separately by
two different study teams. The spring break-up situation at Pt. McIntyre was re-analyz.ed by the
original study team and is reported here as an addendum o

The first stepin the re-analysis was to prepare a sequence of weather and ice events that would typify
a 15-day blowout spill during the break-up period. This included two days of relatively stationary
ice, followed by increasing ice movements and decreasing ice concentrations, and finally an increase

-in winds leading to a near-open water situation. Next, the blowout deposition modeling was redone
" to account for the varying ice movements and concentrations. Finally, the countermeasures options

were re-examined for their potential effectiveness. .

For the first two days of the scenario, the ice is relatively stationary, leading to pooling of oil close
downwind of the blowout, In this situation, in situ burning of oil on the ice would be the preferred
countermeasure and would likely be very effective. For the next 10 days of the scenario, in situ
burning could be accomplished, usmg fire-resistant boom to concentrate oil amongst oil and also by
igniting oil that accumulates in melt pools. On the last two days of the scenario, the response tactics
would include a combination of containment and recovery from amongst the hght ice concentrations,
and in situ burning to deal with oil that lands on the ice.

The table below summarizes the estimated effectiveness for each of the 15 days of the scenario. The

_ highest effectiveness values are for Days 1 and 2 when the oil pools in a thick layer on the relatively

stationary ice and can be removed through in sifu burning. The lowest value is for Day 12 where the
moving broken ice reduces the effectiveness of cleanup operations. The average effectiveness over

. the 15-day period is 38% of the total 15,000 barrel/day blowout flow, and 52% of the oil that lands

on the ice and/or water surface,

Executive Summa;y - Page 6



Summary of Response Tactics and Estimated Effectiveness

Day 'Main Response Tactics Estimated Effectiveness
l ’ of total blowout | of oil that lands
. flow on ice/water

surface
1 in situ burning of oil on ice 63% 87%
2 in situ burning of oil on ice ’ C63% 87%
3 in situ burning of oil amongst and onice . 41% 57%
4-6 in situ burning of oil amongst and on ice 37% 51%
7-11 in s1tu burning of oil amongst and on ice “31% ¢ 43%
12 in situ burning of oil amongst and on ice . 25% 35%

13-15 | containment and recovery and in situ burning 35% , 49% '
Average ' ' 38% 52%

Note. the estimated volume of o1l that lands on the ice/water surface takes mto account the assumed 20% .
evaporative loss and the further 10% of o1l drops that are so small when discharged from the well that they
remam 1n the air and never land

1
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1. Introduction

1.1 Industrial Setting

-
]

Thie study focuses on the problem of major oil spills that might occur during oil }development
activities that are now taking place in the offshore waters of the Alaskan North Slope, in the southem
Beaufort Sea. Readers not familiar with the industrial setting canrefer to Append1x A which presents
+a brief history of oil development on the Slope. This will help in understanding the following
- discussions of oil fields in the area that have been selected for special analysis.

1.2 NSSRPT Goals I

This study was performed for Alaska Clean Seas and the U.S Minerals Management Semce on
behalf of the North Slope Spill Response Project Team (N SSRPT) a task group formed in 1997 by
the [Alaska oil industry and federal and state regulators’. The team’s objective was to develop a
comprehensive oil spill response plan that could be used for all exploration and production

operations on the Alaska North Slope. Such a plan was needed to: .

L
i

assure adequaie spill response capability in meeting federal and state laws; o
minimize duplication of effort through effective planning including shared use of spill response

H
®

equipment and expertise; and

. ® foster timely and efficient review of contingency plans for new and exnstmg operanons

» ' #

The following goals were set by NSSRPT to reach their objective:

) - : - -

! The NSSRPT members include: Alaska Clean Seas, Alaska Department of Environmental
Conservation, Alaska Department of Natural Resources, Alyeska Pipeline Service Company,
" Bnitish Petroleum Exploration (Alaska) Inc., North Slope Borough, US Envxronmental Protection
. Agency, and US Minerals Management Semce (
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® Develop an efﬁcient Slope-wide fesoonee ca;;ability, including, but not limited to, efficient and
effectiveuse or integration of response personnel communications or logistical needs to support
spill response for North Slope operations;
® Develop an ACS Response Plan, the design of which would meet, to the extent posmble the |
L format and substance requu‘ements of the federal/state sub-area plan;

. - Use the ACS Response Plan as a base document to support the individual facility contingency

plans of North Slope operators; \ o -

® Develop a sufficient number of generic oil spill response scenarios, whether located on lan::l,
near shore or offshore; r - |

® Develop as a first pnonty oil sp:ll scenarios necessary for State approval of contingency p!ans
for the Pt. McIntyre and Badami fields (Endicott, Naikuk and Milne Point facility plans are also
affected); and k - ! - \

° Identify additional spill response equipment needs as a product of developing the snill response
scenarios. This is to be done suﬁiclenﬂy in advance to ensure nmely approval of contingency
plans for new fields.

1.3 Past Regulations regarding Broken Ice: Tier 1 and Tier 2

"The difficulty of the NSSRPT mission is complicated by the problern of “broken ice”, a marine

situation in which ice floes are scattered and in motion on the water surface. The cleanup of oil spills
in broken ice conditions has been a concern in Alaska e\;er since oil exploration and production -
began to move into the nearshore and offshore areas of the Alaskan North Slope. Although oil spill
cleanup methods are well established for spllls in open water and for spills on solid, landfast ice, it
has been recognized for some time that spills in broken ice conditions are more problematic. -

QOil drilling restrictions during broken ice conditions in the Alaskan Beaufort Sea have been the
subject of debate for over‘twenty years.d The main environmental concern is that a large oil well
blowout might occur anci have a serious impact on the bowhead whale, an endangered species whose
fall migration route north of the bamer islands is close to drilling sites. In 1978, the State of Alaska
restricted drilling to the ice-covered period from November 1 through Ma.rch 31 each year, and in
May 1982 a complex two:nered restriction became effective. Tier 1 kept mtact a prohibition on

LR
Yoo

~ -2-
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drilling activity below !apregletermined threshold depthiduring: 1) periods of broken ice; 2) outside

the barrier islands during the open water period; and 3) during the fall bowhead whale migrafion
Tier 2 of the decision would allow glﬁlling during periods of broken ice, and during periods of open
water outside the barrier islands once a lessee “...demonstratés compliance with applicable laws and
mgﬁaﬁom, including the theoretical and physical capability to detect, contain, cleanup, and dispose

_of spilled oil in broken ice conditions™.

] Y
- .

In February, 1982, a joint agency/industry Stelering Committee and Technical Coxx;mittee were
formed to address the criteria for Tier 2 approval. In February 1983, the oil companies notified the
State that they were ready to demonst£ate their capabjlities. Aﬂer copsultations with State, Federal
and North Slope Borough officials, the companies prepared a document entitled “Oil Spill Response
inthe Arctic” summarizing their views on the current state-of-the-art for cleaning up spills in broken
ice (Industry Task Group, 1983). The regulatory agencie:s agreed with many of the views but
questioned others, particularly those claiming an adequate capability in about 3 to 5 oktas (3/8ths to
5/8ths or 37.5 to 62.5%) ice coverage. On the basis of these questions, field tests were designed to
demonstrate cleanup cépability in this ice cover range. These demonstrations were conducted by the
oil companies during June and July of 1983 in the Beaufort Sea area, and witnessed by a team of
State, Federal and local officials and technical consultants, The field trials included demonstrations
of: ’

'
L4 ¢

+ In-situ burning of oil in scattered ice .
Buming of oil in fire containment boom ’

»  Operation of the ARCAT (a.purpose-built skimming vessel) in broken ice
»  Operation of tugs and barges in broken ice .
Operation of rope mops from a barge in broken ice and open water

« " Boom deployment in moving broken ice ‘ ‘
Based on these demonstrations and the recommendations of the consultants® report (SL Ross 1§83),
the State issued its “Tier 2 Decision” in June 1984 which stated that adequate capablhty exists to
clean up spilled oil in broken ice and during open water outside the barrier islands for exploratory
drilling if: ‘ - :

~
‘
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the lessee complies with all laws and regulations,

the lessee participates in a five year R&D program, and

. drilling personnel are trained in well control techniques.

" In addition, it was decided, if \;vell control were not possible, that the oil well could be ignited,

However, lessees were not allowed to dnll exploratlon wells outside the barrier islands prior to and

during the fall bowhead-whale migration, but were allowed to drill on and inside the bamer islands

if there were a whale momtonng program in place. .

i

*

_ The agencies issuing the Tier 2 decision said that the decision was based on the following factors:

* Low pmbal;iflty of a large spill | {
» Industry’s extensive contingency planning efforts
"« Availability of spill cleanup equipment (barges, tugs, helicopters, storage tanks, front-end
loaders, camp facilities, and small boats) ’
»  Short periods of broken ice
»  Effectiveness of recovéry and burning at the wellhead and of in sity bumning

B h i

1.4 Current Régulatory Situation and Related Questions 1 ;

In 1990, the S;ate of Alaska reiter%ted the Tier 2 decision and issued a seasonal drilling pol{cy for
exploration drilling in the Beaufort Sea. That policy is still in effect, but does not address producnon
drilling.

Subsequent to the Tier 2 work, the state of Alaska implemented detailed spill response regulations.
These regulations require that operators plan to be able to mechanically contain and recovery, within
72 hours, a “response planning standard” (RPS) volume of oil. For an exploration or production
facility, the RPS from an uncontrolled blowout is a minimum of 5,500 barrels of oil per day (if well
data indicates a higher production rate, the RPS is ad]usted accordingly). Burning, which was
recognized as an eﬁ“ecnve tool in the Tler 2 work, cannot presently be considered in addressing the

" state RPS.
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1.5 Terms of Reference of Study
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* This then begs the question as to what the current capability might be in broken ice with mechanical

systems only. In the Tier 2 exercise it was made clear that there were severe tecimologi?:al and
logistical limitations to mechanically recover oil spilled in broken ice. Has the situation changed
substantially over the past 15 years? - * |

—

An equally impoﬁmt question is: What is the current cleanup capability with respect to other

countermeasures in broken ice , such as in situ burming, and have these improved substantially since .
. Tier2? ”

3 !

The final question worth asking is: Do we have a better understanding today of the meaning and
actuality of “broken ice”in the Alaskan Southern Beaufort Sea, and, if so, should not regulations and
contingency plans both be modified to take this into account?

The expression “broken ice” that is used in regixlations and in industry plans really has no

scientifically-acceptable, qua;ntitative definition. The Tier 2 exercise was concerned with ice break-

up during springtime only, so the broken-ice definition used at that time was expressed in spring
break-up terms as any ice condition from decaying ice at 8 okta (100 percent) ice coverage at the
beginning of spring breakup to widely scattered i ice at 1 okta (12.5 percent) coverage at the end of

« breakup (SL Ross 1983). For the Tier 2 exercise it was assumed that this broken ice period lasted

about 12 weeks. As mentioned ai:ove, for the Tier 2 regulators, the cqndition of concemn in this
“broken ice” period was the 3 to 5 okta (37.5 to 62.5 percent) ice coverage period, which is known

to last for a much shorter period, perhaps a few days only. It is clear that this study needs to address

the re%lities of “broken ice” in the Beaufort Sea, in both physical and temporal terms, and in both
spring break-up and fall freeze-up periods. This must be done before attempting to analyze how to
dcal with spills in such ice. \

" The terms of reference for the study were developed by NSSRPT. The objecti\;e of the project was

»

to consider six well-defined oil well blowout sgcnarios and determine in quantitative terms-

i
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capabllxty, and to what extent, and

| MR UG OSSP ¥ RN WRULSULIES S T o 5 ¢ S A L ——e b1 S

s

whether the mechanical clcanup: systems that are currently available on the North Slope are

* adequate to satisfy Alaska State requirements for cleaning up spillé from blowouts in broken ice

conditions; i -

+

4

whether additional resources would sngmﬁcantly improve the ex:stmg mechamcal recovery

5

what the maximum cleanup capabilities might be for dealing with blowout spllls in broken ice
if all possible cleanup techniques were considered

t
L

The scenarios cover two locations (I‘oint McIntyre and Northstar Island) in three ice ;:onditions. For
Point Mclntyre the scenarios are to consider spills during spring break-up conditions with ice
concentrations of 30, 50 and 70% respectively. Fo:l the Northstar Island scenarios, the spills will
occur during fall freeze-up during ice concentratipns of 30, 50 and 70% respectively. The parameters

. for the six spill situations or scenarios are in Table 1-1.

« . N N

TABLE 1-1 .
Parameters for Six Blowout Scenarios in Broken Ice _

O1l volume. Northstar- 15,000 BOPD for 15 days minus 20% ev‘a;’aorative loss

Pt Melntyre - 12,000 BOPD for 15 days minus 20% evaporative loss
Type of blowout- - Qil is exiting the casing under hlgh pressure and bemg Sprayed mto the

b e atmosphere .

Oil type. Alaska North Slope (ANS) crude oil ’
Ice concentrations - Assumes 1% .year ice only, with no multi-year incursions.Ice

, concentration will not vary during the scenario duration. For example, a
30% ice concentration will remain constant throughout the 30% ice

scenario.
Weather conditions: _The mean weather conditions for the North !Slope, based on historical
, information, will be used durmg the applicable time periods for both
- frccze-up and break-up
Equipment recovery Lori brush skimmer - 217 barrels per hour
efficiencies: - : Oleophilic skimmers ' 20% of nameplate capacity
- Weir skimmers . 20% of nameplate capacity
' . ' -& * 1 -
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The above parameters are used exactly as indicated throughout the study. The only exception is that
the oil type considered is not ANS crude, which is a blend of North Slope crude oils. Rather two

. other, more relevant crude oils have been selected for study: Pt. McIntyre crude oil itself and Milne

Point crude oil, an oil known to have properties close to that of crude oil from the Northstar field

.

.1.6 Structure of Report

This introductory chapter is followed by four chapters, Chapters 2 through 5, that set the scene for
the main job in Chapter 6 of developmg and evaluating the six blowout scenarios. '
Chapter 2 presents a detailed descripiion of actual brsksn ice conditions in the study area, then
presents simplified broken ice models that can be used in the scéqario evaluation work. Chapter 3
provides a general description of blowouts and marine spills, with a iJarﬁcular emphasis on the
problem of oil spilled in broken ice. '
Chapter 4 presents an overview of response optioﬁs for Lc_iealing with marine oil spills, especisﬂy
oil spills in ice, and Chapter 5 discusses in greater detail the three main methods of mechanical
recovery, dispe_rsa.nt use and in situ burning that exist in Alaska for responding to sioills in the North. a
Chapter 6 describes in much detail the behavior and fate of the $ix blowout scenarios and the likely
effectiveness of countermeasures in recovering theis spills. First, the effectiveness 6f the mechanical
recovery systems that exist on the North Slope 1s assessed. Then the possible benefits are cvaluated )
of adding more mechanical systemstothe rcsponse and of adding the countermeasures of dispersant
use and in situ burning to the mix of response options available. Also discussed, but not on a
scenario-by-scenario basxs, is the possxblhty and benefits of igniting and burning the blowout at )
source and thus preventing a major marine spill from occurring in the first instance. The long chapter
ends with a tabular summargr of the evaluation and a mass balance of the spill in terms of evaporation
losses, losses due to tmy-parucle dnﬁ, and amounts of oil that can be physmally recovered, burned
and dlspersed ; ‘

“ ¢

Chapter 7 ends the report with c;)nclusions and recommendations.

T

+ _7_ yl
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1.7 Limitations of Study

The study has certain himitations as noted below:

1

1. Inthe termsof referenee for the study the following subjects were explicitly excluded:

«  sourcing of manpower requiremenfs

» disposal (water, recovered oil, debi-is)
+ command infrastructure ' |
+  wildlife response L . ‘ .
+  source centrol o

2. The subject of spill prevention is not addressed. This issue requires separate analysis.

3. The study focus is on the clehnﬁp of spills very close to source. Less attention is paid to the
response phase of “chasing slicks” that have escaped near-source counterrmeasures. Predicted
recovery efficiencies in this report refer only to the recovery of oil on the water and not to the ’

" subsequent collection of oil that has somehow reached end stranded on shoreliees.

4. The study is not a eontingency plan for responding to large sﬁills in the area, nor is it a
countermeasures manual The oil spill cleanup measures described are not necessarily the ones
that will be adopted by mdustry in fighting spllls in the area. The study simply attempts to
evaluate spill cleanup capabﬂmes in broken ice in the area. -

The hypothetical oil spill scenarios developed in the study were ciesigned for illustrative and

- evaluation purposes only. They should not be considered to be probable events The
hypothet:cal spills should also not be used to predlct the general behavior of spills i in the area.
There are infinite possibilities; the selected scenarios are but six.

e .
- Y

6. There are a number of'assumx;tions made in the scenarios to simplify the analysis. Examples
include: having all spills evaporate the same amount regardless of spill circumstance; keeping

.
1 )
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ice concentrations fixed over the duration of each scenario; and keeping oil discharge rates
constant over the period of the blowout. These are not realistic, but they serve the purpose§ of
the study. '

7. . Finally, the issue of spill probability is not addressed, al{hough this is surely a very important
consideration for both regulators and industry. The maximum spill size in the study, 225, 000
barrels (15,000 ﬁarrel-per-day blowout x 15 days), is close in size to the Exxon Valdez spill.

 Despite the still-fresh memory of this spill, it should be understood that oil well blowouts are
far less probable than tanker spilli To help put this into perspective, Appendix G has been
prepared; this is a quick analysis of the probability of blowout siaills of the size considered in
this study. r

1.8 Addendum to this Report

t

When the first draft of this report was completed in April 1998 i)t became clear to members of the
North Slope Spill Response Project Team (NSSRPT) and other revigwers that one of the terms of
reference for the study (detailed in Section 1.5 above) was particularly unrealistic. This was the
requirement that wind and ice conditions for each scenario remain fixed over the entire 15-day
blowout period. To explore the significance of this restriction, NSSRPT requested that the scenarios

_ be re-analyzed using realistic conditions instead of the unvarying winds and ice concentrations that
_ wete used originally. The spring break-up and fall freeze-up situations were examined separately by

"two different study teams. The spring break-up situation at Pt. McIntyre was re-analyzed by the
original study team; the results are presentod in Appendix H of this document. The fall freeze-up

situation at the Northstar location was studied by a task group set up within NSSRPT; the results of
this study are available in a separate report. Except for Appendix H, no other references to this
additional work is made in the following chapters or appendices.

3 -
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2.1 Introduction

. which in turn refreezes in a matter of hours.

: : -~

2. Ice and Other En\{irﬂninental Conditions

5
f

The ice conditions and other key environmental parameters associated with the six spill scenarios
are documented in this chapter The scenarios include spills in 30%, 50%, and 70%ice concentratxon
in each of the following broken-lce situations: (1) &em-up atthe Northstar Development productlon
island and (2) ice break-up at the Pt. McIntyre Development on the! West Dock Causeway.

N < (N i * R s r ‘ .
The behavior of ice during the break-up and freeze-up periods needs to be characterized and
delineated for the purposes of: (1) estimating quantitatively the distribution and fate of oil fromveach

blowout scenario and (2) eva}uating the applicability and effectiveness of spill countermeasures.
E Unfortunately, the behavior of ice during these transition periods is a complex phenomenon which

varies greatly from year to year. Ice is constantly converging and diverging in response to wind

"shifts, and runming up against physical boundaries such as shorelines, islands, and the offshore pack.
Belts and patches of varying concentrations are common during break-up, while during freeze-up

the young ice often breaks into large floes which quickly drift out of the area, leaving open water

L

To deal with this natural variability in assessmg cleanup capabxhty it becomes necessary to make
sxmphfymg assumptions in charactermng ice conditions for each scenario. Onc helpful assumption
is to keep the ice conoentratlon fixed for a given length of time. It is 1mportant to emphasize that
such assumptions are not meant to be reahstlc, rather they are simply meant to serve our purpose of
“testing” and evaluating the effecuveness of spill countermeasmes techniques and systems in
specific ice concentrations.

The following steps were taken for descnbmg ice and envnonmental conditions in the study area,

« starting with the situation in real terms and ending with a simplified model of the mtuatlon that can

be used for assessing spill countermeasures quantitatively and objectively, °

0- .
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« -Anoverview of year-round ice dynamics in the southern Beaufort Sea is prcsented;
. hrstoncally-accurate detailed descriptions of freeze—up at Northsta: and break-up and Pt.
Mclntyre are presentcd and then

T
!

«, simplified ice scenarios are presented, including mean values of ice conditions and other
_ pertinent environmental parameters; these are summarized in tabular form for use in
subsequent oil fate-and-behavior and countermeasures analyées.

2.2 Overview of Ice Conditions in the Alaskan Beaufort Sea -

Petroleum activities in the southern portions of the Alaskan Beaufort Sea are occurring on gravel
islands and structures, which in winter are surrounded by solid, immobile, landfast ice. By late April
or early May the ice will have grown to a maximum thickness of about 5 to 6 feet. The ice during

“this period is sub_]ect to various types of stress cracks resulting from rapid temperature cha.nges, tidal

action, and storm surges. These cracks qmckly re-freeze to form a continuous layer of ice.

1
I

During the months of May and June, the ice is warmed by increasing air temperatures and
lengthening periods of sunlight. Surface melting and river outﬂows adds to the detenoratlon of the
ice rendering it increasingly susceptrble to deformation, cracking and movement The increased
absorptron of solar radiation in water as compared to snow and ice, causes accelerated melting in
puddled areas. The ice thickness beneath these melt pools decreases more raptdly than the
surrounding ice, in some cases resultmg in holes through the ice.

W 4

During-this period of decay, typically about six weeks, 100% ice coverage persists until the ice
deteriorates to the point of breaking up under the influence of winds and currents. Following the
onset of breakup, the ice cover begins to shift, crack, and deteriorate further into a field of ice cakes

‘and brash ice (<65 feet across) combined with small to medium floes (65-1600 feet) and large floes

(>1600 feet). Giant floes exceeding 5 nautical miles normally break up rapidly depending on the

wind and the sea. T . .
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After the initial masswe breakup, the ice cover typically | reqmres two weeks or less to pass through
the 75% to 90% ice coverage stages. During this period many of the ice floes are still relatively large
and the floes and ice cakes are generally touching. , . } .
The next phase of breakup tfrom an operational st;zmipoint) involves ice coverages between 75% and
25%. Depexfding again upon the ;Neather, this phase lasts for' one to two weeks in many of the ‘a.reas
that are the subject of drilling activities. Floe sizes continue to decrease during this period, while the
distances between floes increase. Rarely do floes exceed 1600 feet once the ice concentrations reach
about 40% or less in early August. \

The 75% to 25% ice coverage portion Pf breakup is frequently characterized by extensive regibm
of heavier ice concentrations seaward of the barrier islands. At the same time, there are often areas
of open water nearshore and in the lee of the barrier islaqd chains. Depending on the weather, the
water depths, and the proximiiy to natural or man-made islands, the actual ice cover frequently drops
60nsi&erably below the 75% to 25% coverage in many of the of)erational areas.

Once the average ice concentratlons reach about 25% or less, open water conditions begin to prevail.
Such conditions normally exist for approxlmatcly two months prior to the onset of freeze-up in
October. During this summer period, usually the months of August and September, the waters of the
Beaufort Sea remain relatively free of ice except for short periods of ice incursions due to northerly
winds.

The rapid drop both in daylight floms and a\'rer;age air temperatures in October is generally
accompanied by the formation of frazil ice and grease ice nearshore and in inshore and backwater
areas. Depefndmg on the wind and sea conditions, young ice forms offshore and develops into thin
areas and/or pancake ice. Eventually; the creation of solid ice cover begins and b;ﬁlds toa 16— or12-
inch layer, normally in November. Beyond this time only & major storm will cause significant
disruption of the ice growth process. Currents beneath the ice decrease to 0.1 knots or less and
remain at that le\;el in most regiours until spring breakup.
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2.3 Descriptions of Freeze-up at Northstar.

October, Freeze-up occurs first m the calm, shallow water of the protected bays and lagoons, such
as Prudhoe Bay and Simpson Lagoon south of Long and Stump Islands (see Figure 1). The average

_date of freeze-up for the Northstar location is October 6, with a ratfge from the third week in

September to the fourth week in October. The young lce cover spreads rapidly offshore into deeper
water. Most of the lagoons become entirely ice covered within one week after freeze-up begins.
This young, first-year ice is only 6 to 8 inches thick and very susceptible to movement and
deformation by storm winds in October. On October 19-20 1982, for instance, the 8-inch thick ice
that was present moved more than 10 nautical miles past Seal Island, driven by a 30 to 40 knot
westerly storm However, at the same time the ice in Simpson Lagoon and around West Dock moved
very little (on the order of 50t0 75 feet). Such storms may produce ice ride-up and pile-up along the
gently sloping beaches of the barrier islande and create ice rubble around man:made gravel islands
and offshore structures, such as the !\I?rthstar production island.

November. Ice movement will be very small (1 to 2 feet)ﬁto nonexistent in Simpson Lagoon, after
the ice becomes l.IS feet thick, typically in mid-November. However, there is a small, but finite, risk
of large ice movements (100 feet or more) in the corridor between the Northstar production island
and Stump Island or West Dock dui’ing the late freeze-up season (from mid-November to late

November) when the ice thickness is 1.5 to 2.0 feet. Based on six freeze-up studies from 1980 to ,

1985, ﬁve’ years of satellite imagery collected during freeze-up (1987 to 1991), and personal
observations by K. Vaudrey in 1995, there was only one year (c;ut of 12 years) in which there was
an ice movement greater than 100 feet durmg mid-to-late November. This occurred in 1983 when
29-inch thick ice moved 100 to 200 feet, creating a 10 to 12 foot high pile-up on Stump Island.

It is clear that anyL storm wind that might create a broken ice condition in November would have to

be very streng indeed. In addition, such a storm would have to be a southwesterly[wind in order to -

produce a large-scale ice movenfxent at the production island. This combination must be considered

an unlikely possibility. - , <
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December. Typicolly by n_lid-to-lgte December (when the first-year ice sheet becomes about 2.5 to
3 feei thick), the jce in the vicinity of the'Northstar production island becomes relatively stable, and
the region becomes part of the stable landfast ice zone. During this period only small ice movements
are likely to occur. For example, ice motion measured during 1955-96 at a wirchne station located
5 miles east of the Northstar pipeline route m 21 feet of water, produced ice movements on the order
of 10 to 15 feet. Exceptions to httle ice movement do occur, however For example, a 90 to 100 knot

- southwesterly storm in late February 1989, removed most of the “landfast” ice north of the barner

island chain and drove it 20 to 30 nautical miles offshore. '

f I

+

. _ January. After January 1 the risk of ice movement and the mdgnitude of ice movement is reduced

signiﬁcantly as the ice sheet becomes thicker and more stable. It should be remembered, however,
that there still is a small chance of a major ice movement event occurring during the winter, as
documented during the late February storm in 1989. The wind Speeds measured during the storm
were the largest ever measured (94 kts) and close to the lOO-year maximum wind speed for Barter

.Island (98 kts), accordmg to the Climatic Atlas (1988)

.

-+

It should be noted that multl-year ice invasions (of 1 tenth concentration or greater) can occur durmg
freeze-up at a rate of once every 3 to 4 years, but multi-year ice is not part of this study.

t

i)

2.4 Descriptions of Break-Up at Pt. Mclntyre

Break-up usually occurs inside the barrier islands and around the West Dock Causeway (WDC)
between the last week of June and the second week of July, with an average date of July 4. Break-up
is defined as the time when the ice concentration goes from 10 tenths to 9 tenths or less. The break-
up season usually lasts for approximately three weeks, from the time of initial break-up until first
open water occurs. d 0 : )

In the period before break-up, in mid-May, the ice starts to deteriorate to a point where ice roads can
no longer support over-ice operations. Water in the Kuparuk River typically reaches the coast in late
May or early June and begins to overflood the sea ice in Simpson Lagoon. Within a few days aﬁer f
the flooding begms, the water ﬂows out of Slmpson Lagoon (to the north between Egg Island and

\ “
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Stump Island and to the east between the coast and Stu;np Island) and over-floods the ice along the

, entire west side of the WDC. During years of heavy flooding, the water can extend to a portion of

the east side of the WDC by coming around the north end of WDC and by flowing through the 650-ft
breach. - )

The overflood water on top of the ﬂoating landfast ice (in water depths of 6 to 20 feet) quickly drains
through holes and cracks The overflood water on top of the bohom-fast ice (frozen to the sea floor)
loosens it and allows the ice to pop up to the surface. In both cases, the top of the ice in the overflood
zone is ﬁsually covered with a thin layer of siltheposited by flood water. Within a period of 2 to 3
weeks after the flooding has ceased, most of the landfast ice within the overflood zone will have
melted in place from a combination of the fresh, re]ajtively warm, water and the increased heat
absorption by the dirty ice. ” . ?

* Thus, by early July when break-up typically occurs, there may be little or no ice in eastern Simpson

Lagoon and along the west side of the WDC,; in contrast, itis hkely that a completely intact, 10
tenths ice cover will exist on the east side of the WDC. Of course, the sheet ice along the east side
of the WDC and around PM2 pad will be very deteriorated, with approximately 40% to 50% of its
surface covered by melt ponds ' L
At this time in late June or early July, any 20-knot wmd ihat begins to blow will probably initiate
break-up If break-up is caused by an easterly wind, the broken ice will stack up along the eastern
shoreline of the WDC and will remain 10 tenths coverage fora dxstance of a few miles offshore. In | .
outer Prudhoe Bay and south of Reindeer I. and Crosq L,itis hkely that open water will exist. If
break-up is caused by a westerly wind, then open ‘water will probably exist at the eastern shoreline
of the WDC, with 5-6 tenths ioe in outer Prudhoe Bgy and 8-9 tenths ice near the barrier islands. As
the winds shift from one direction to the other, the broken ice floes and pans will move back and -
forth across the lagoon in belts and patches of varying concentrations, all the while melting rapidly.
The broken ice inside the barrier islahds moves at about 0.3 to 0.5 knots during the short break-up

’ ’season,butpeakratesmayreachOStol0knot.Usually,w1tlnn2to3weeksofbreak— , the region

around the WDC and most of the bays and lagoons, such as Prudhoe Bay and Stcfansson Sound, will
become open water (1 tenth or less ice concentrauon)

-16-
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2.5 Persistence of Broken Ice

The deta:led descnptlons in the prewous sections of freeze-up at Northstar and break-up at Pt.
McIntyre suggest that ice at either location will rarely be in the form of ice floes that cover the water
surface uniformly at fixed concentrations of 30%, 50% or 70% The reality of the situation is that
broken ice in any selected area will be in the form of closely packed ice in one part of the area and
open water in the other. The average ice concentration for the area at any given time might be some
value in the range of 30 to 70%, but generally the area is not uniformly distributed with ice floes.
There can be a transition period following a storm or other disruption where the ice is redistributing,
and where there is indeed ice concentration of ice floes of 30 percent or whatever, but this transition
period is very short-lived, in the or(iet of hours. This is explained in the following discussions.

o +

" Freeze-Up at Northstar. The most likely scenario for ﬁ-eeze-u]S at Northstar is that a young solid

(10 tenths) ice sheet will grow until a storm wind of sufficient strength and duration occurs. The
sufficiency requirement will depend primarily on ice thickness and confinement of the ice sheet
(which in turn depends: on the previous storm sequence). For example, an gasterly storm creates an
open water lead offshore of the Northstar producﬁqn island and makes the ice sheet surrounding the
island susceptible to movement from a westerly storm. When the young (thin) solid ice sheet at
Northstar moves as a result of a storm wind, typicallj} large (1000s of feet ac;'oss) ice floes will break
free of the coastline or landfast ice edge and move quickly away from the area. This will create an

open water condition, not a broken ice condition, around the island. Depending on how cold it is,

the open water will start to re-freeze, usually within a few hours to one day. This scenario may be
repeated several times during freeze-up (0c1§ober through mid-November), depending on the ice

_ thickness, storm intensity, and wind direction. The broken ice condition that occurred when the ice
_cracked and movement started is relatively short-lived and within a few hours an open water lead

(one to several miles across) is formed.

Break-up at Pt. McIntim:. 'Iile most likely scenario for break-up at Pt. McIntyre is that the
deteriorated, melting sheet ice (solid 10 tenths ice concentration) on the east side of West Dock
becomes susceptlble tomovementduringa moderate storm wind from the west (¢.g., 15-20kts). Any
such wind during late June or early Julyis hkely to cause break-up of the sheet i ice. ‘When break-up

‘ -17-

i



occurs, the 8-9 tenths ice concentration il'nmediately begins to pull away from West Dock and moves
quickly to the southeast, east, or northeast, Ieaving an open water lead along the east side of the
Dock. The open water condmon typically will extend offshore of the Dock for several miles, where
the ice concentration abruptly changes from no-ice to 5 tenths or greater ice as the broken ice ﬂoes ‘
(50 to 100s of feet across) start stacking up on each other as they pack up against the eastern side of
Prudhoe Bay or against the barrier islands (e.g., Reindeer or Cross).

1

For either location, a brloken ice condition, meaning a situation in which floes of ice are distributed -
over the surface in concentrations ranging from 30 % to 70%, is more likely to occur during mid-to-
late summer (August or September) when an ice invasion may occur. One or more such invasions
of 3 tenths or “5 tenths ice concentration have a 56% or 35% cl}ence of occurrence, respectively, at
Northstar. Summer ice invasions are less likely, but certainly do occur, in and around West Dock.

?

2.6 Other Ice Features Affecting Broken Ice Spill Response and Logistics

*

‘Boundary Conditions. During a storm or strong wind condition one can imagine that “broken ice”
in concentrations of 30 to 70% can flow past either site for as long as the wind condition lasts.
Typically, however, ice movement that occurs at Northstar during freeze-up or atPt. Mclntyre during
break-up cannot go en indefinitely due to constraining boundary conditions. Any ice motion to the

. east, south, or west from the Northstar area is significantly restricéd by the barrie;' island chain or
West Dock. Larger movements to the east-southeast can occur, but are eventually constrained by the
shallow water of Prudhoe Bay. Similarly, ice motion to the north and northeast is constrained by
shoals. However, ice motion to the northwest (from a southeasterly or easterly wind) may continue
almost indeﬁnitely (as long as the duration of the storm Wit;d) due to the absence of natural

. obstructions for a distance of some 30-40 miles. F -

3

1

Given that the west side of West Dock at break—up is likely to be in open water the only ice
movement at break-up will occur on the east side of the Dock. Any ice motion occumng at West

Dock during break-up will be constramed by the barrier lslands to the northeast and the shallows of .
Prudhoe Bay to the southeast. Even ice movement to the east in Stefansson Sound may be 1mpeded
by the Endicott Development and the shallows offshore of the Sag. River delta. Again, the only

-18-
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dtrectton whlch remains relatively unrestricted is to the northwest where ice floes at break-up have
been observed or tracked movmg as far as Harrison Bay within a few days of leaving the Prudhoe

Bay area.

1

Open-Water Wake. An open water jwak'e has ﬁ'equently been observed when close pack ice (';/ lb
or more) moves past gravity based drilling structures and artificial islands in the US and Canadian
Beaufort Seas. This wake may extend for a distance of 2 to 3 island diameters or apnroximately 1000
to 1500 feet and will be as wide as the island diameter or about 500 feet.

New ice will start to form almost mmedtately in the open water wake, with the grease ice and nilas
moving wnh wmd to build up a slush dam agamst the ice ﬂoes at the downwind side of the wake.
This wake effect is accounted forin developmg the freeze-up scenario with 7/10 ice at Northstar, In
lighter concentrations, individual ﬂoes are free to close in qmckly behmd the island as the ice dnfts
past, consequently, a wake as such docs not exist in those cases At break-up, the scenarios are$
located to the east of West Dock which forms an extension from the shore By defimtion, w1th open
water already present to the west of West Dock in July, there is no ice upstream to create a wake
effect, even if the configuration of the dnllmg pad allowed ice flow on both sides.

‘ i

_ Fast Ice Nearshore. Wlnle the freeze-up broken ice scenarios are apphcable to the Northstar

productlon island, logtsttcs for any oil spill response will undoubtedly be based at West Dock. It is
anttctpated that freeze-up storms (greater than 20 kts) in October, when the ice thickness is less than
.12 inches, can create 2 broken ice condition at the Northstar production island but retain a 1-2 mile
wide zone of landfast ice around West Dock. Response vessels will have to negotiate a solid ice

cover (6"-12" thick) over a distance of 1 to 2 miles in order to reach the broken ice described in the

4
t

sunplxﬁed scenarios presented below. o .
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2.7 Simi)liﬁe(i Models for Freeze-Up and Break-Up Scenarios

Simplified models are developed here to define ice break-up and freeze-up conditions for the
purposes of spill response evaluation. 1 ‘

3 v I
~ g

«

Introduction. The terms of reference or parameters for this stﬁdy, as stated in Chapter l,%focus on

'six blowout scenarios, each of which is to take place in an given ice coverage, either 30% 50% or

70%, which is to remain constant throughout the blowout scenario period of 15 days. The ultimate
objective is to determine what capablhty exists for cleaning up spills in these broken ice condmons,
however long the condmons last. It is clear from the discussions in this chapter that such ice
concentrations might occur, but only for a relatiyely short period, in the order of hours for most
situations. Regardless of this, it remains important to know whether or not a reasonable capabilitjlf
exists for dealing with spills in such broken ice conditions. -

ty

g

In terms of satisfying the objecti;re of the study, and at the same time reinaining reasonably true to
the reality of the situation, the followmg is proposed. First, the oil sp1ll cleanup capability that exists
when operating in ﬁxed "broken ice" condltlons will be ca]culated Then it will be assumed that
these conditions last a full 15 days. Thls is a less reasonable thing to do, but 1t will be done
nonetheless. Because the spills are continuous discharges, the spill characteristics at and near site
should be the same at the beginning stages of the blowout as at the end, for constant broken-ice and _ -
environmental conditions. Therefore, once the daily spill cleanup capabilities for a given brokcn ice‘
condition are establnshed it becomes simple to calculate the overall 15-day capability for that

blowout situation. 2 \ L .

~

!

In summary, the followmg approach +will be taken _in conducting thc ‘evaluation of spill

countermeasures

o * -
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e Broken-ice Scenarios will be developed in which ice floes cover 30%, 50% and 70% of the

water surface.

r
H
Wt

- o The scenarios will be used in modelmg and dellneatmg the dlstnbutlon of spilled oil onto

A

the surroundmg water and ice.

¢ The ice and oil spill scenarios will be used to analyze countermeasures capability in 30%,

50% and 70% ice concentrations, on a daiiy basis and over the 15-day blowout peﬁed.

_Simplified Broken Ice Scenarios. Based on ice studies, climatic data, and per:sonial observations,

typical environmental parameters are developed for spill response scenarios at the Northstar
" production island during freeze-up and at the Pt. McIntyre location at West Dock dm'mg break-up
The parameters are presented in Tables 1 and 2 (at the end of this section) for the specified ice
concentra;tions of 30%, 50% and 70%. Appendix B provides supplemental data on ice gnd climate

_parameters which can be used to determine the percentage time that a particular condition may

exceed the values used in the scenarios.

y ~

The followiné briefly outlines the sources used to generate the climate and ice parameters that are

in the tables. Reference numbers in the text identify sources in the attached list.

T
1
!

Ice Conditions (Concentration variability, ice thickness, floe size, and snow on the ice, melt pool

coverage): As discussed earlier, there is considerable variability in establishing the range in ice

- concentrations which could actﬁally be encountered in each scenario. Although the regional
* concentration averaged over a few square miles may be 30 50 or 70% the actual concentrations on

distance scales of hundreds of feet may range from open water to solid ice (a large floe being

" equivalent to 100% ice coverage within its perimeter). Average or median values for the ice

parameters shown in Tables 1 and 2 were extracted from a combination of References 2, 4, and 9

.

w

f
\
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through 19 and extensive personal expeﬁe;qce in the area dﬁring Break-up and freeze-up (Ref. 9
through 20). o o ) "
Ice Drift Speeds: Realistic ice dnﬂ speed and direction ;/alues are derive'd' from a combination of a
percentage of wind speed and actual nearshore ARGOS buoy measﬁrcments (References 3, 5 through
8, and 20, 21) where applicable. As explained bel]ow, wind speeds used in the scenarios are not
nec;ssarify representative of the means. )

f '

Metocean Conditions (vﬁnd;, air Femi:, ';)mc;ipitaﬁon, sea s;tate, visibility,“and ceiling height): mean
values for these para;neters are extracte& from Reference 1, with atmospheric i;:ing estimated by -
ERA Helicopters who are the only operator to have maintained an operations base in the Prudhoe
Bay area continuously i’or‘the last 25 years. '

__mgljmggAn_mm_g_n Durmg break-up, the scenarios for 3 and 5 tenths (30% and 50%) ice
coverage are defined by average wind speeds of 8- 12 kts. However, the 7 tenths ice concentration
scenario is assurned to occur sometime during or 1mmed1ately after the initial break-up event, when
the landfast ice 1mdergo;:s a rapid transition from 10 tenths to a broken ice condition; therefore, the
wind speed in this case is represented by a moderate “storm” wind (i5-20 kts) which would be .
necessary to initiate the break-up event. ‘ ‘

During free:ze-up, the scenario for 3 tenths ice cow;emge represents the median wind speed (12-15
kts) for October. The other scenarios are represented by higher wind speeds, reflecting the frequent .
occurrence of storms during ﬁzeezé-up (soenarios with higher conccntrations are more likely to occur
during or on the tail of a storm event). The logic here is that over a72-hour period spill response
teams w:ll hkely encounter moments of sustained above average winds. Based on the frequency

- d15tnbutlon of wind speeds shown in Table B-2 in Appendxx B, the winds shown in Table 1 will be

exceeded 20-30% of ihe time Lfor the 50% ic_e conce;ntration scenario and 10-20% of the time for the

+
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70% ice concentration scenario (amounting to between 7 and 22 hours out of 72-hour response

-~
i

period).

i

r

- Wind directions at freeze-up were chosen as the most likely dlrecti;}n, based on wind direcilmn
occurrence presented in Table B-2. Directions at break-up are dn;;tated by tile somewhat artificial
situation created by the West Dock causeway. For example, winds from the ENE in July would lead
to the oil plume falling in open water on the west side of the caﬁseway. Consequently: the wind
directions used in Table 2 were deliberately chosen as westerlies to can-y the oil into the broken ice -
remaining on the east side of the causeway. Such winds are common in July; strong winds needed -

to initiate break-up in Prudhoe Bay are most often from the west.

-
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TABLE 1

Typical Environmental Parameters for Northstar during Freeze-;lp ’

L

Z‘l hiedee’ AT o A -"Ice Concentratiou (tenths) LA AP
MPar:t;n;eterf T BB AR J(N’3 N | e LS. BRI B f’u-,:J ST i D
Local variability 0 to 0.4 at island, but | 0.2 to 0.6 at island, but | 0.3 to 0.8 at island, but
in concentration 10/10 landfast ice near | - 10/10 landfast ice 10/10 landfast ice
' West Dock *t within1to2NMof | within1to2 NM of
* West Dock West Dock
Date (from-to) 10/10 through 10/12 10/19 through 10/21 10/29 to 10/31
Daylight hours 12 105 .8
(incl. twilight) . .
Floe ice thickness (ft) 04t006 06t00.8 10t0 1.2
Floe size (ft) 100’s to 1000’s 100’s to 1000’s 100’s to 1000’s
Snow thickness (in) 1to2 2 to 4 Sto6
on top of the ice .
Ice drift speed (kt) 03t00.4,upto1.0 *" | 0.7to1 0 upto 1.5 08t01.2,upto 1.8
Ice direction (to) ‘NW E NE
Wind speed (kts) 12to 15 18 to 20 201025
Wind direction E WSW Sw
(from) : i
Air temp. (day) - °F - 23 18 13
Air temp. (night) - °F < 13 3
Precipitation (snow) ‘ g 1 1
(inches)
Sea state f 84% of time < 3 ft N/A N/A .
height (ft)/period with periodsof 6to 8 s
(sec) '
Visibility (NM) .~ 5% of time < ¥2NM 5% of time <¥2NM | 5% of time < %2NM
(helo ops) (~3 to 4 hr in 3 days) (~3to4 hrin 3 days) | (=3 to4 hrin 3 days)
Ceiling height (ft) 3% of time 3% of time 3% of time
(fixed wing ops) ceiling ht. <1500 ft with | ceiling ht. < 1500 ft ceiling ht. < 1500 ft
‘ visibility < 1 NM with visibility < 1 NM | with visibility < 1 NM
Atmosphericicing - 3% of the time 3% of the time 3% of the time
(helo ops) (~2 hr in 3 days) (~2 hr in 3 days) (=2 hr in 3 days) -




¢

~TABLE 2 .

-

Typical Environmental Parameters for Pt. Mcfntyre during Bmﬁ-up

il t<d -5 c a4 I
v 1  fee
3 . HET
Ak e T T
ER

s

D B PR T2 L i » - A SN S s
o b s o 5 R T S Toe Concentration (tenths) s < e - S8

¥ Parameter 5|50 i3 e R s s e e et
Local variability 0.2t00.3 041005 0.6 to 0.8
in concentration ' ’ ’

‘| Date (from-to) 7/10 through 7/12 7/7 through 7/9 7/4 through 7/6
Daylight hours 24 24 24
(incl. twilight) : ; .
Floe ice thickness 3to4 4 3t04 3to4 -
(ft) :
Floe size (ft) 50 to 500 50 to 500 50 to 500
Melt ponds (% of 40 to 50% 40 to 50% 40 to 50%
surface area of ice) ' B
Ice drift speed (kt) 0.3t00.4,upto 0.8 0.2t00.3, up to 0.7, 0.3t00.5,upto 1.0
Ice direction (to) E SE NE
Wind speed (kts) 10to 12 8t0 10 15 t0 20

.} Wind direction © W NwW Sw
(from) ‘ o : )
Air temp. (day) - 45 45 44 .-
GF , ' N

TAir temp. (night) - 35 7 33
°F L

| Precipitation 0 0 0
(snow) (inches) .
Sea state , 95% of time < 3 ft N/A N/A -
height (ft)/period and periods of 6 to 10 s *
®

| Visibility (NM) 22% of time < 2NM 22% of time<2NM | 22% of time <2 NM
(helo ops) (~15to 16 hrin 3 days) { (=15 to 16 hr in 3 days) | (=15 to 16 hr in 3 days)
Ceiling height (ft) '11% of time 11% of time . ~ 11% of time -
(fixed wing ops)  { ceiling ht. <1500 ft with | ceiling ht. <1500 ft ceiling ht. < 1500 ft

visibility < 1 NM with visibility < 1 NM | with visibility < 1 NM
Atmospheric icing - NA | N/A N/A
(helo ops) a s
25- ' v 1
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' 3. General Behavior of Offshore B;lourouts and Oil Spillsa in Ice

3.1 Introduction .

s

In subsequent sections of this teport six hypothetical oil-well blowouts are selected for study and
described tersely in terms of blowout behavior and oil sptll behav1or The purpose of this chapter is
to prov1de background mformauon that will assist the reader i m understandmg the specifics of later
discussions of these subjects. The next chapter has a similar purpose with respect to spill

oountermeasures. '

1

-

* There are two basic kinds of offshore oil-well blowouts. The ﬁtst is a subsea blgwout in which the
" drilling platform moves off site or is destroyed during the blowout. In this case the discharging oil

emanates from a point on the sea bed aud rises through the water column to the water surface. An
example of this kind of 01l-well blowout was the 1979 Ixtoc 1 blowout in the Bay of Campeche,
Mexico (Ross et al. 1979). The other possxbtllty is a platform blowout or above-surface blowout in
which the platform maintains its _position during the accident (because it is undamaged or
bottom-founded) and the oil discharges into the atmosphere from some point on the platform above
the water surface, and subsequently falls on the water surfaoe some d1stance downwind. Examples
of this kind of blowout include the 160,000-barrel Ekofisk blowout in the North Sea in 1977
(Audunson 1980) and the 1500-barrel Uniacke blowout of condensate off Nova Scotia in 1984 (Gili
et al. 1985). Oil-well blowouts that might occur at either the Northstar or Pt. McIntyre locations
could only be of the above-surface kind, and further discussion is restricted to this kind.

3.2 Behavior‘of Above-Surface Blowouts

As demonstrated in the Ekofisk and Uniacke blowouts noted above, the gas and oil released from an -
above-surface blowout will exit at a high velocity from the well-head and the oil will be fragmented
into a cloud of ﬁne droplets. The hexght that this cloud rises above the release point will vary
depending on the gas velocity and the prevaﬁmg wmd velomty The fate of the oxl and gas at this

¥
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point is determined by atmospheric dispersion and the settling velo}:}ty of the oil particles.
Atmosplieric dispegsion potential can be characterized by using an auﬁospheﬁc stability
classification system developed by Tumer (1970). Stability classes are détcrmined by the turbulent
structure of the atmosphere and by wind speed. Stability is quantified using a six-part scale with
categories being labeled A through F.‘ A is the most turbulent class and F is the most stable. Class
D is typical for offshore conditions (Turner 1970) and it is this class that is selected for drilling
. locations in the Alaskan southern Beaufort Sea.
Tl;e oil particles discharged into the air will eventually "fain" down: with the laréer droplets falling
close to the release point and the smaller droplets falling further downwind. The width and thickness
of resulting slicks of oil can be calculated using a step-by step procedure developed by Belore et
al.(1998). The procedure, presented in Appendix C, is used in Chapter 7 to describe the behavior of
_ the blowouts and tilc initial characteristics of the resulting slicks for the six scenarios considered. It
should be noted that there is a large uncertainty associated the modeling results because of certain,
key assumptions used in the model. The main assumption is that the average diameter of the droplets
discharged in the blowouts is 0.75 mm The rationale for using this l{umber is explained in Appendix
" CorinBelore et al. 1998,

B

3.3 General Behavior of Qil Spilled on Open Water
Once the oil from a blowout reaches the ocean surface it is swept away by winds and currents and
undergoes a number of so-called "weatheriﬁg“ processes. This section provides an overview of the
processes that have a major influence on the potential cleanup and impact of the oil. In broken ice
" conditions the oil will fall on both oil and ice. The behavior of the oil on bben water is discussed in

. this section. The behavior of oil on ice and among ice floes is discussed in Section 3.6. )

-"-The most important phenomena that influence spill impact and co;ltrol are movement, Wﬁom
natural dispersion, and emulsification. Each of these processes is discussed briefly below.

Oil Movement. Surface slicks may be transported away from the site of a splll by water currents.
These currents usually combine residual movement and wind-induced surface movement. Mackay

4
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(1984) reports that the rate of oil slick movement may be increased by a factor of 3 percent of the
wind speed measured 10 m above the water surface. However, the final vector of oil movement
depends on the combined influences of residual currents and wind-induced surfac‘e currents. Over
relatively long distances, Coriolis 1forc@:s (due to the earth's rotation) cause the direction of
wind-induced slick motion to deviate some 10 to 15° to the right of the wind direction (in the
Northern Hemisphere). In nearshore marine waters, the movement of oil slicks is also affected by
tidal currents, river outflows and longshore currents. ‘ C

Qil Spreading. Numerous models of oil spreading behavior hsve been developed over the past 25
years. All relate the psoperties of the oil (density, viscosity and interfacial tension) to its spreading
on calm water. Most models today use the model developed by Mackay etal. (1980) whlch includes
the assumption that as the slick spreads, it forms thick patches that contain most of the 011 volume
in a small portion of the area, These patches are surrounded by thin sheens (in the 0.001 mm range)
containing a small portion of the total oil volume over a wide area. The feature is consistent with
observed spill behavior, : ‘ |
Some oils do not spread on water as described above. This category4includes oils that have a pour
point (i e., the temperature below which the oil does not ﬂow) that exceeds the ambient temperature.
The pour point of an oil can be naturally hlgh or may be hxgh asa result of evaporauve losses of
hydrocarbons during exposure to the environment.

F

Evaporation. Evaporation is the most predictable ol soill process (Mackay 1984). The evaporation

rate of an oil slick is controlled or affected by: 1) the temperature of the oil and the air; 2) the surface
area of the oil in contact with air; 3) the thickness of the oil; 4) wmd speeds; and perhaps most
important 5) the concentration and vapor pressure of the individual components of the oil. The most

- useful studies of oil slick evaporation rates were conducted by researchers at the University of

Toronto in the late 1970s and early 1980s (e.g., Nadeau and Mackay 1978, Stiver and Mackay 1983).
In these studies, the volume or mass'ﬁ'action of oil evaporated is related to an exposure coefficient

° (combining time, 0il volume and area, and the "mass transfer coefficient” to the atmosphere) and to

the vapor pressure-concentration relationship for the oil. The unique aspect of this approach is that

}
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it permits the results from dvariety of laboratory evaporation experiments to be easily extrapolated
to actual environmental conditions with a high degree of confidence.

-

-
f
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With an above-surfaee blowout, evaporation a!so occurs as the oil droplets from the blowout rain’
down onto the surface. The amount of oil that evaporates in this situation is controlled by the size
of the droplets, the volatility of the oil, the length of time they are in the air, and the a1r temperature

. Rather than use the model to estlmate an initial evaporative loss for the droplets in the air, a fixed

‘value of 20 % nlmal volume loss to evaporatxon was used in the study, as requested in the terms of

reference for the study. This leads to anﬁunder—estimate of evaporatiye loss for one of the oils used
in the study ( Milne Point as surrogate for Northstar) and an over-estimate for the other (Pt.

Mclntyre).

Emulsification. When most crude oils are spilled at sea, they tend to form water-in-oil emulsions.

Emulsification occurs in the presence of mixing energy such as that provided by wave action. During
emulsification, seawater is incorporated into the oil in the form of microscopic droplets. This water
intake results in two undesirable changes to the oil. First, there is a significant increase in the bulk “

" volume of the oil (usually up to a 4-fold increase), greatly expanding the amount of oily material that

must be dealt with. Secondly, there is a marked increase in fluid viscosity (uplo lOb—fold). The much

- higher viscosities greatly irlhipit the natural dispersion of oil and make the application of chemical

dispersants useless.

Mackay (1983) and Mackay and Zagorski (1982) developed preliminary models for the -
emulslﬁcauon process, and these are often used to describe the phenomena in quantitative terms.

Natural Dispersion. In conjunction with evaporatlon, the process of natural dispersion reduces the
volume of oil on the water surface, thefeby influencing the potential extent of surface and shoreline
contamination. Dispersion rates are determined b); oil/water interfacial tension, oil viscosity, oil
buoyancy and slick thickness. Environmentally, sea state is the most important factor controlling the

- rate and amount of dispersion. Even the heaviest, emulsified oils can dxsperse over a period of time

in heavy seas with frequent breakmg waves

a0 -
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3.4 SL Ross Oil Spill Model = o T

]
i S ‘ - -

The computerized oil spill behavior model that is used in this study - — the SL Ross Oil Spiil Model
—has been used extensively in various studies of offshore oil spill behavior. The model i mcorporates
and integrates all the processes noted above to arrive at an estimate of an oil's likely behavior. SL
Ross has drawn upon the work of a number of researchers in developing its models for these

processes and has added enhancements to deal with pour point, viscosity changes and waxy oll

behavior. The model only applies to the behav:or of oil spllls on open water; it does not handle the

effects of ice.

The model is able to provide thekfollowing spill data as a function of time: slick areas, thicknesses
and volumes, for both the thin and thick slick portions; viscosity, density, pour point and water
content of any emulsions that may form; the volumes and percentages of the thick and thin slick
portions that evaporste and disperse; and the maximum possible in-water oil concentration as a result
of natural or ciiernically aided dispersion. ‘

¢

3.5 Modeling of Pt. Mclntyresnd Northstar Crude Oils

Because the behavior of a spill is significantly affected by the oil’s initial prol;erties, a spill model’s

particular utility lies in its ability to predict the spill behavior of specific oils. This cannot be done

without testmg the ol in the laboratory. At SL Ross a number of laboratory analyses are performed

on crude oil and oil products to generate the parameters necessary for the modelmg exercise. A

distillation i is completed on the fresh oil, and an oil sample is weathered for a prolonged period in

"awind tunne] The distillation and wind tunnel data provide the information necessary to predict the

fraction of 011 that will evaporate in a given time under a speclﬁc wind history or evaporative

1 exposure. The wmd tunnel weathering procedure also provxdes aged oil samples for property
analysis Oil density, viscosity, pour point, interfacial tension, flash point, and emulsification factors

are determined at two temperatures for both the fresh and weathered oil samples These analyses
provide the coefficients needed to estunate oil properties and behavior at dtﬁ'erent temperatures and
weathered states. The expressions used to estimate property changes w1th time and temperature are
those given by Mackay et al. 1983, -

-31-
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‘Both oils considered in the modeling of the six scenarios were tested and modeled as described

above and are now part of the SL Ross library of crude oils, available for use in the model. The two
oils are (1) Pt. McIntyre Crude oil, for the Pt. McIntyre site, obviously, and (2) Milne Point crude
oil for the Northstar site. Reports on these tests are available m SL Ross 1994 and SL Ross 1996, .

‘respectively, and tabular summaries of these are available in Appendix D. Milne Pt. crude oil was

used to represent Northstar oil becauee at the time of testing not enough Northstar crude was
available for a full program of testing, so Milne Pt. crude, which comes from a nearby oil field, was
studied instead. A small sample (lOOmL) of Northstar crude was analyzed in order to compare

, selected properties with those of the Milne Pt crude. The Northstar onl was found to be less dense,

less viscous, and more volatile. This means that the oil spill scenarios at the Northstar site, descnbed

in Chapter 7, present a conservatxve picture of the persxstence of spills that mlght occur at that

location. v - -

<

“The following are brief summaries of the properties of each of the selected oils. Milne Point crude

oil is a hght oil (density of 0.849 g/ml @ 1°(f viscosity of 8.0 cP @ 15°C) with a high

concentration of volatile ‘components. It will not form emulsions untxl the oil is highly weathered

(evaporated more than 20 %) and the emulsions that do form are hkely unstable; that is, they break

naturatly when mixing energy is removed and also respond well to emulsxon breaking chemicals. Pt.

Mclintyre crude oil is a medium crude oil (density of 0 911 g/mlL. @ l°C and viscosity of 756 cP @
1°C). It has a very high tendency to form stable emulslons even when fresh.

3.6 Behavior of Oil Spilled on Ice and in Broken Ice

Many studies on the behavior of oil spilled inice mfested waters have been performed overthe past
20 years. Dickins and Fleet 1992 contains a comprehenswe summary of all known references on the
subject of oil-in-ice fate and behavior, mcludmg analyuca.l stud;es, tank and basin tests, spills of
opportunity, and experimental spills at sea. Another review of the subject that is more focused on
the Alaskan situation is found in chkms and Glover 1996, and it is this reference that we draw on
now to summarize our current knowledge on the subject. Please note that a large poruon of the
Dickins and Glover review deal_s with the problem of oil spilled under ice, a case that could occur, P

for example, if an oil well blowout were to occur on the sea bed during winter and rose to the
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m1ders1de of the ice cover. Such scenanos are not p0551ble in the present study, S0 thls aspect of
oil/ice interaction is not dealt with here

1

3.6.1 The Effect of Ice on the Four Main Oil Spill Processes

¥

The effect of broken ice on the four main spill processes of spreading, kevaporation,}dispersion and

emulsification is briefly discussed first. ' f .

3

w

Oil spill spreading can be dramatically curtailed because of the presence of broken ice and brash
ice. In high concentrations (greater than 5/10), oil spreading tends to be limited to the spaces between
the floes. There are a number of models that predict the spreading of oil as a function of ice
concentratlon These are based largely on the results of a field trial off the east coast of Canada (SL
Ross and DF Dickins 1987) ‘ :

<
¥ b

Oil spill evaporation is not greatly affected by the presence of ice unless the oil is u:apped under or

within the ice. Evaporation of volatile components occurs whether the oil rests on water or on ice.

Laboratory testing of oils from the North Slope indicates that the initial evaporative loss, by volume, -
within the first 48 hours can be ‘expected to range between 16 and 30% depending on the oil (SL
Ross 1994) ' - )

Y
1

Oil spill dispersion and emulsification rates for oil spills on water depend on the mixing energy
available at the sea surface, and since the presence of ice tends to dampen the effects of wind on sea
state, both dispersion and emulsification rates in broken ice conciitiqns would be expected to be less |
than the case in open water conditions, all other factors remaining the same.
3.6.2 Oil Sl;illed Within Broken lcé, Spring through Fall -
Dunng the primary period of spring break-up, 011 Splllcd in broken ice conditions would be contamed
in the openings between floes and would coat the surrounding ice surfaccs As Spnng melt proceeds
the area of contamination would correspondingly increase.

) -
B [ ’
“
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For the case of oil trapped within or \inder newly forming pancakes or sheet ice in the fall, the likely

_fate will be rapid entrapment, with new ice quickly growing beneath the oil. The fate of oil trapped
“between floes will depend *largely on the ice concentration and time of year,

During freeze-up, the oil will most likely be entrained in the solidifying grease ice and slush present
on the water surface prior to forming sheet ice. Storm winds at this time often break up and disperse °
the newly forming ice, Ieafving the oil to spread temporaiily in an ;Jpen water condition until
incorporated in the next freezing cycle (within hours or days depending on th:e air and water
temperatures at the time). Ice drift rates at this time of year are highly variable, but a daily average
of five nautical miles per day can be expected in October, decreasmg as the ice thickens and
stabilizes through November

At spring break-up, ice concel;trations;are highly variable from hourto hour anel over short distances.
In high ice concentrations (greater than 5/10), the oil is eﬁ'eetively prevented from spreading and is
contained by the ice. As the ice cover loosens, more oil is able to escape into larger openings as the
floesmove apart. Eventually, as the ice concentration decreases toless than 3/10, the oil on the water
surface behaves essentxally as an open water spill, with localized oil patches being temporarily
trapped by wind agamst individual floes. Any oil present on the surface of individual floes will move

with the ice as it responds to winds and nearshore currents. .
3.6.3 Oil Spilled on Top of the Ice

The resultmg area of contamination from arelease of oil on top of ice will be influenced by a number
of site-specific factors. such as wind Speed, surface roughness and the amount of snow cover in the
area of the release. A number of process equations are available to predict the spreading and
evaporation behavior of oil in snow (Belore and Buist 1988). Key behavioral factors associated with
oil spilled on snow can be summarized as follows (after Wotherspoon 1992):

® Evaporation rates m snow are substantiallf less than oi} slicks on open water;

" ® Oil mixed with snow does not form emulsions; and

® Once ignited, there are no appreciable dlﬂ'erences between burning oil in snow or

oil i in water. : .

* ¥

PN

-34-



i

Y

| N - SRS S S ) 3 D N LAY LA KL S A A

R A ! ‘ .y
- J » r L4

4. Overview of Spill Countermeasures

As with the previous chapter the purpose of this chapter is to nrovide background infonnation onoil
spill countermeasures that should help readers better understand the terse, scenano-based
descriptions of comtermeasm'es that are presented in Chapter 7.

Before starting the detailed rewe\:v some discussion of the dlfferences between spills from blowouts
and spills from tankers is warranted Alaskans are painfully aware of the difficulties of cleamng up
large tanker spills, so it is natural for them to believe that similar dxfﬁculnes would exist in dealing
wnh large spills from blowouts. This may not always be the case, as discussed below.

e

: 4.1 Differences between Fighting Blowout Spills and Tanker Spills

and recovery equipment (i.e., booms and skimmers) for dealing with tanker spills, the problem
remains extremely difficult. The cleanup equipment i 1tself is not the issue because offshore boom-

and-skimmer systems are generally effective in containing and removing large amounts of oil on
open water if the sea states and currents are not too high, and if the spill is small in area and large

+ in thickness. Rather, the usual problem in recovering major oil spills in the open ocean is that spills

tend to spread to large and tmmanageable‘areas before cleanup systems can arrive on site. A 100,060

“Tanker Spills. Although hundreds of millions of dollars have been spent developing containment

barrel spill, for example, can spread to a total, patchy area of about 8 square miles or 5000 acres -

within just 12 hours. Another problem is that recovery systems must move through slicks slowly
(less than one knot) to avoid major surface oil losses due to entrainment, so recovery itself i is a
relatively slow process. Because response and cleanup times can be long, another problem arises:
water-in-oil emulsification. Most crude oils will begin to emulsify within a short time — within
minutes or hours for some — and this process can increase the amount of oily substance on the
surface by a factor of four or so. This makes the spill recovery process that much slower because up
to four times the amount of product must be picked up and dlsposcd of. )

- N §
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It is often difficult for cleanup systems to reach tanker spills quickly because such spills can occur
virtually anywhere along the world’s manne transportation corridors. Although cleanup equipment

‘can be stockpiled and made ready in partlcularly high risk areas, such as ports and other high traffic

areas, this does not guarantee that spills will conveniently occur within easy striking distance. An
;effective response with mechanical systems must involve several ocean-going vessels working in
tandem, some to manage the equipment and others to accept and store recovered oil, so the time to

' reach a spill and ‘begin operations is limited to the time needed for all systems to arrive on site. This
can take many hours depending on the spill location.

These problems explain traditionally why mechanical systems have done poorly on most historical
spills, aside from a.hy lack of preparatioh onthe po.rt of the responders. The number mentioned often
by ekpens is that mechanical systems responding to his:torical spills have recovered at sea about 5
to 10 percent of the oil Qp;illed This number applies to the situation generally, butrperhaps not to the '

* Prince William Sound area today, because of the build-up of mechanical recovery capablhty that has

taken place following the Exxon Valdez tanker spill in 1989.

Blowout Spills. The general capability for dealing with oil spills from offshore oii well blowouts
is believed to be much hetter than for tanker spills. In these situations the contingency planner knows °
beforehand the exact location of the ;;otential oil discharge and so is able to expend considerable
effort in developing a site-specific preparedness to deal with the 'problem Protection priorities,
currents, wmd patterns, spill movement predictions, etc. can all be studied before the event. .
Furthermore, although the total quantlty of oil that can be released is large, the amount of oil
discharged per day is relatively low and it can be recovered or treated with a modest amount of
equipment or materials. Finally, the oil slick at the blowout site émemﬂy is in a concentrated, fresh
and non-viscous state which beneﬁts the main control techniques of skunmmg, burning and
dispersing. All these factors put the conungency planner and oil spﬂl responder ina relatrvely good
posmon to deal with the problem ‘

4

For the specrﬁc case of an oil blowout from a gravel 1sland in the Beaufort Sea, the situation is even

hbetter for several reasons. First, the oil is drscha.rged at or above the island’s surface where itcanbe
easily removed by ignition and burning. Second, the island may be used as a base frorn which to

[ S -36-
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mount an oil spill control operation dunng open water condmons And third, the presence of a solid
ice cover for most of the year leads to the situation where an oil blowout from a gravel island is
usually little rdxﬂ'e'rent than a blowout on land That is, most oil gan be 1gmted and the remainder
simply recovered by mechanical means from the landfast ice su}face.

- ‘ 3 1
i

In summary, relative to other offshore oil spill situations, oil well blowouts and spills from gravel
islands in the Alaskan Beaufort Sea are considered to be straightforward to clean up, particularly

or burned, and open water when the oil on the water near the island can be dealt with by

conventional containment and recovery devices. - !

Nevertheless, broken or unstable ice conditions exist for short periods during fall freeze-up and
s;;ring break-up in the Alaskan Beaufort Sea. The presence of the ice will inhibit spreading of the
oil, however, with the blowout conditions considered in this study (i.e., open orifice blowouts with
high gas-to-oil ratios), the initial slick thicknesses are too thin to allow for in situ burning without
concentrating the oil in some manner. The other approach, using conventional booms and skimmers,
also has serious problems because the oil is often too thin and widespread for cleanup systems to
operate efficiently, if at all, among the ice floes - |

y Inﬂsummary, spills from blowouts in open-\;rater and complete-ice-cover situaﬁoné are much more
amenable to cleanup than instantaneous tanker spills. However, the capability in a broken-ice
situation is generally not good regardless of spill type, as discussed below. ‘

4.2 Review of Cleanup Capﬂbilities for Spills in Various Ice Concentrations

£

The following sections sre abstracted from Dickins and Glover 1996. These describe industry’s .

proposed strategies ahd techniques for dealing with ol spiiled in different combinations of ice and
open water off the Nonh Slope, drawing on experience with past spills (both accidental and
expcrlmta]) and knowlcdge of the cxpected fate and behavior of oil in ice.

37-
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4.2.1 Mid-winter Respoilse (Janﬁary to April)

Current technology is considered caﬁable of successfully cleaning up oil spilled on sohd ice. By late -
December, the landfast ice is normally stable aﬁd, from this time until late May, cleanup operators
can utilize the ice cover as a secure platform for support eqmpment, including trucks, bladders and

" portable trenching equipment. For oil trapped on or within the ice sheet in mid-winter, direct

pumping would result in almost complete removal of the spilled oil. Ice roads and pads could be
builtto allow heavy equipment and vacuum trucks du'ect access to the oil pools These trucks would

' recover oil directfy into attached insulated tankers for transportation to waste disposal facilitic§. ‘

During extremely cold periods it might be necessary to use steam wands on the oil pools to facilitate

recovery. . - .

Cleanup could be accelerated by the use of in situ burning. Final cleanup in June, in particular, would
benefit by the use of selective burmng of oil on melt pools followed by manual recovery of any
residue. The choice of burning on ;ite or removal to ;hore would depend on both time of year and
water depth. Once an encapsd%téd oil layer is delineated, drilling or trenching would be conducted
to expose the oil layer for recovery. Snow melters could be placed on site or at shoreside positions
to melt contaniinated snow and ice. Recovered oil could then be trucked to designated disposal wells
for ;'e-injection orto a designated production facility for reprocessing. Burning on-site would become
the preferred option late in winter when there might be insufficient time to transport the recovered

1
" - <

oil to shore prior to break-up
422 Spr%ng Response (May to June)

The period between the first onset of surface snow melt a;nd final deterioration of the landfast ice
provides the best opportunity for in sifu burning of oil freshly deposited on the surface, or oil
remaining on the surface following a wmter cleanup operatlon. However, this period also marks the
beginning of the end of easy site access  with any heavy equlpment

In situbuming is an efficient and effective metjmd of removing oil from a solid ice cover in late May
and June, after ice roads ha\{e been closed to traffic. Tests have demonstrated that the oil on the
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surface of the ice can be successfully ignited and burned even after weat.hermg for several weeks
Wind herding of the oil in small pools enables much thinner 011 films to be burned than would
otherwise be possible (chktns and Buist 1981). Fresh crude mustbe approximately 0.04 inches thick
for ignition to take place, and weathered crudes in the range 0f 0.1 to 0.2 inches are read:ly ignitable.
Weathering of the oil is not as critical as once thought. Ongoing work in Canada and Norway (Bech
et al. 1993, Guenette et al 1995 SL Ross 1995 and 1998) has demonstrated that it is possnble to
effectively burn fresh crudes with up to 25 to 40 percent emulsxﬁcatlon (water in oil), albeit at a
reduced efficiency. ACS has conducted similar studies in the last few years concentrating on
emulsions made of Alaskan nsk oils and seawater. During these studies bench testing was conducted
utilizing various emulsion breakers and gelled fuel mixtures to enhance ignition of emulsions.
Promisiné techniques from the le.boratory were then re-evaluated during both small scale and meso-
scale testing, producing similar results to the SINTEF studies (Buist et al. 1995 and 1997) .

Work in Alaska and elsewhere has proved that the Heli-torch is aphighly effective tool in igniting
multiple oil pools over large areas (Allen 1987) Slung beneath a helicopter, the Heli-torch is safe

. and efficient. Approved hand-held igniters canstlll be used by helicopter-transported field crews to

ignite isolated pools of oil. Burning efficiencies of approximately 97 percent have been achieved in \

#

numerous large scale and meso-scale experiments. a

In practlcal apphcat:ons, valuestend to be lower because a proportion of the oil is contained in pools
too small and numerous to burn, and not all of the oil is available in sufﬁcxently thick films. Asa
general rule it is considered practical to burn 80 percent of all oil present in pools greater than 50
square feet, amounting to 68 percent of the total oil exposed on the surface (Norcor 1975; Buist and
Dickins 1981 Guif Canada 1990). Manual recovery of any burn residue or thin unburned ‘oil films
on the ice mlght increase the overall recovery effectiveness by up to 10 percent. Realistic estunates
for the amount of residual oil remalmng at the pomt of final ice break-up range from 10 to 20
percent. With appropriate safety precautlons anda hchcopter or amphxblous vehicle in attendance,
surface operations to collect residue could continue until within a few days of break-up Once

 collected the residue could be transported to shore with helicopter buckets.

Lo
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As the ice begins to break up in mid-June nearshore, a:id in early Julir near the barrier islands, the
response options would depend on the ice eoneentratrons There will be a penod of several weeks
when response operations would need to apply a mix of strategles over short periods as conditions
allow: booms and slummers operated from shallow draﬁ barges in light to moderate ice, in situ
burning of thick oil trapped between the floes i in heavier i 1ce and manual cleanup and pumping from
any ice rubble remaining attached to the 1sland, as well as cleanup of any shoreline or gravel pad
surfaces that may have been affected ’

-~ - ¥

As ice concentrations diminish to less than 3/10 by mid-July offshore and by mid-June in the
nearshore areas, response operatlons would become increasingly less restricted by ice and more able’

. torelyon tradmonal open water mechanical containment and recovery techmques

4.2.3 Summer Response (August and September) ) R

e

Spills during the summer period, in open water or in water with some ice (say, concentrations up to

. 20 to 30%) would behave no differently than open-water spills elsewhere in the world. Response

methods could mclude the usual combination of physical recovery, in situ burning and dispersant
use. For platform blowouts as envisioned in this study the d.lschargmg orl could be contained and
concentrated as it falls on the water downwmd, and either physrcally recovered or bumed as
appropnate Oil escapmg this operation eould be drspersed chemically, if this were deemed to be
appropriate envnonmentally. Allin all, the total operation could be highly efficient, mostly because
of the reasons given earlier: the oil discharge rate would be relatively low, the spill location would
be fixed, the oil discharged would always be fresh and unemulsrﬁed, and the slick swath or area
would be relatively small -

.4.2.4 Fall and li:arly Winter Response (October to December)

This is the most difficult situation. There are limited mechanical options for recovering large
volumes of oil sprlled under or among new and young ice in the fall months of October and
November. Rope-mop style. skxmmers could be deployed by crane over the side of a response barge
or vessel to recover locallzed oil patches trapped in water and slush bet\veen floes. There are dozens

-
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of portable roi)e mop skimming systems within the North Slope response equipm:::nt inventories that -
could be placed into service as required. In areas of heavy oil concentration near the coastime orin
available open waier leads other portable skimming systems could be utilized. These would mclude
vacuum, drum and disc type skunmers It is possible to utilize weir type skimmers under bulldmg
.ice conditions as long as the sknnmers are equipped with mechanical systems to handle debris and
ice. Any conventional skimming operations would hikely be curtaxled by thicker, more concentrated
ice within one to two weeks of initial freeze-up. -

In the beginning of the ice growing season many of the spill tespoose vessels would remain
_operational. The jet powered vessels would become | inoperative as the brash ice and slush thlckens t
and begins to interfere with the exposed mechamcal parts of the jet systems Outboard powered
vessels would also be taken out of service when the thickness of the forming ice begins to clog the
water intake ports on the Jower units. Screw driven vessels along with the tug and barge systems
would have the longest sustainable operational period |
One p0551ble strategy during freeze-up conditions might be to use m situ burning, with the ice
provndmg natural containment and Heh-torches provxdmg a remote 1gnmon source. A number of
tests have shown the feasibility ofburmng oil trapped in leads with and without the presence of brash
ice and slush (Brown and Goodman 1987; SL Ross and D. F. Dickins 1987) Dependmg on
. conditions, high removal efficiencies could be achievable.

)

Ineﬁtably, as the ice continues to thicken, the oil would graduaily become incorporated into the new

" ice formation. No cleanup measures could be effective at this point, so tracking the oiled ice would

become a priority. This would be done with the use of satellite tracking beacons deployed at the spill -
_ source, The oiled ice may move only short distances (thousands of feet) in October before becoming
landfast. At this point the coastline is protected from oiling by the fringe of new landfast ice that
* develops at the shoreline. For this oiled ice, conventional winter response procedures could be
followed by transpompg personnel apd equipment to the site. Due to the low temperatures, remote
locations and darkness involved in these type of operations, personnel safety considerations would
require additional attention. Resources such as personnel shelters, portable lighting, portable heaters
and restroom facilities would be required along with the initial response resources.

i
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" be utilized as the primary recovery option. ‘ .
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The contaminated area would be located through visual observation of surface oiling and boring
holes in the ice on & grid pattem to locate sub-surface accumulations of oil. Handheld global-
positioning-system (GPS) units would be used to record the exact locations of both surface and sub-

14

surface pools. ‘ L -

R;oovery oﬁeraﬁons on early-éeaspn, landfastice would be similar to remote terrestrial spill res:ponse
actions once the oil is brought to the surface. Logistics constraints may demand that in situ buming

+
- 3
'
‘ -

Despite all efforts, however, the oil mcovéry effictencies for spills in the fall freeze-up period would
be expected to be low. . " ‘ ’ ’

1
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S. Existing épill Response Approaches and Systems

. 5.1 ‘Overview of Tactics

. In this section the systems that cu;renﬂy exist for dealing with spills in ice will be described.

Included will be an overview of current cleanup approaches and plans, and a descnptlon of the key

" equipment available to mplement these plans. The description of the equipment will include a

discussion of their operational capacities and hmitations and will set the stage for the subsequent

evaluations for each of the blowout scenarios.

. The chapter focuses on countermeasures for physically recovering spilled oil, but two short sections

are written (in Sections 5.5 and 5.6) on the countermeasures of i sifu burning and dispersant use.

]
‘ -

_The tactics for dealing with the spillé in the specified scenarios will depend on the degree of ice

concentration, the ability to use containment boom to safely and effectwcly concentrate spllled oil
for recovery or for in situ burning, and logistical conmdemhons

i
i

For spills in light ice conditions it will be feasible to use containment boom and skim;ners to
concentrate and recover oil. Short lengths of boom, up to 400 feet depending on ice concentrations,
would be deployed in a J-configuration from a barge that would be used as a skimming platform and
for storage of recovered fluids. High-strength boom would be required for this application to
withstand contact with ice. Skimnlers for this mode of operation could include either weir-type

_ devices or oleophilic Tope-mop slqmmcrs Overall effectiveness of this type of deployment would

depend primarily on two factors: the rate at which oil is encountered and concentrated for recovery,
and any inefficiencies resulting from encountering various ice forms. i

The encounter rate, that is, tl;e volumetric rate at which the'boom/skirnming system encounters the
oil slick, is a function of the swath width ot" the booming system, the slick thickness, and the speed
of advance of the system. The swath width of the booming system is a function of the length of boom
deployed, which must be limited to a few hnndred feet depending on ice concentrations. For the

1 !
)
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purposes of this evaluation, the swath width will be assumed to be one-third the boom length. The
slick thickness will vary with the distance from the spill source, a;nd is provided by the scenario
descriptions. The encounter speed may be as high as 0.7 knots which is assumed to be the upper
limit for contamment effectiveness; at higher speeds oil wﬂl be lost past the boom due to entrainment
failure. However, in respondmg to a blowout spill, the containment and recovery operation will
generally be statloned at a fixed point at some safe distance from the source. In this case the
encounter speed will simply be the speed at which the slick dnﬁs into the containment configuration, '
estimated to be 0.3 to 0.7 knots in these scenarios. A

In moderate to heavy ice conditions, it may not be practical to operate a barge/booming combination,
in which case an oleophilic skimmer such as the Foxtail could be used to recover pockets of oil.
Such an operation will bemuch less effective than one using containment booms due to the relatively

-thin slicks emanating from the blowout site. For evaluation purposes in these scenarios, a contain

and recover approach is used throughoui.

-

5.2 Booms and Skimmers and their Capacities

Containment Boom. Containment of oil in ice infested waters will require the use of rugged, hxgh
strength boom to withstand contact with ice. An ideal candidate for this task would be the Ro-Boom
ocean model (36x43), of which ACS has a stockpile of 8000 fi, as well as an additional 2500 ft of

. other Ro-boom of similar ;ize. This amount will be more than adequate for the blowout spills under

consideration; in which the width of the thick portion of the slick is less than 300 feet, and the total
slick widths are less than 2000 ft at a (safe operating) distance of 1 to 2 miles downstream of the

i

source. . - .

Skimmers. There are a number of different skimmers that could be eniployed in these seenarios, the
selection of which will depend on the estimated encounter rate and the islick thickness. The following
isalistof the key skimmers in the ACS inventory. The hist includes each unit’s derated recovery rate
which is meant to rcﬂect a realistic estimate of the skimmer’s recovery capacity. Note that in each -
of the subsequent scenanos, the calculated encounter rates will be compared to the derated recovery
rates, and the lesser of the two will be used in determining recovery efficiencies.
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TABLE 5-1
} Summal'y of Key Skimmers
Skimmers held by ACS Number Derated recovery rate,
- available '~ bbl/hr

Weir-type skimmers ’ ‘
TRANSREC 250 . 1 314
DESMI 250 Ocean * 1 126
DESMI Harbor 3 88
Walosep W1 1 50

| Walosep W4 1, 113
DESTROIL -2 » 31
Oleophilic skimmers :
LORI side collector 1 217 "
Foxtail 1 66

-| T-54 disc 3 60

y

5.3 Operational and Safety Considerations

In general, containment and recovery operations are most effective when carried out as close as
possible to the source of the splll ’Ihere are two main reasons for this: 1) as the slick moves away
from the source 1t w111 tend to spread laterally, perhaps to wndths that cannot be contained with
manageable lengths of boom, and 2) over time the oil may emulsnfy making it more difficultto sklm
oil from the water and pump oil once recovered. With blowout spills this must be balanced w1th the
_safety considerations of operating within an area aﬂ'ected by the plume of oil droplets from the
blowout. The criteria for a safety zone boundary, thati is, the area in which continuous operations can
be conducted, is an oil particulate concentration of S milligrams/m® which is the OSHA standard for
an 8-hour exposure for response workers. This corresponds to a downstream distance of 4600 feet
- for the Point Mclntyre scenario, and 5600 feet for Northstar.

H

3
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_ When operating containment and recovery systems among broken ice there will be inefficiencies
.related to the avoidance of large ice floes and the accumulation of floes within the containment
. boom. There has been little experience or field studies to quantify this, although it is believed that

conventional boom and skimmer operatlons would be effective at least in light ice concentrations
(say,upto3/1 Oths coverage) somewhat applxcable in 5/ 1 Oths coverage with effectiveness decluung
rapidly as concentrations approach 7/10ths or greater. For the purposes of this evaluation it is
neceasary to quantify this in some manner. A p;oposed approach for this is detailed in Appendix C,
and deseribed brfeﬂy as follows. | : o .

i

Carrymg out containment operatlons in a broken ice field could mvolve maneuvering around large
floes, periodically reorienting the boom, and perhaps emptying the contamed area of brash ice, slush,
and smaller ice pieces. If the ice field could be idealized as being of equally spaced floes of equal
sizes, one could develop a simple mathematical relation between the ice concentration and the
average distance between floes. Given an average speed of advance, one could then calculate the
amount of time that a containment system could advance through open water. This could then be
combined with a given amount of time to reposition the system to calculate an esimated percentage
of time that the containment system is able to advance and effectively contain and concentrate oil
for recovei'y. Clearly an ice field is not made up of equally epaced floes of equal size, but doing this
calculation for a range of floe sizes and averaging the results should provide a reasonable estimate
of the effectiveness of containment operations in an ice field. Based on average floe sizes of up to
1000 feet in diameter, and an average speed of advance of 0.4 to 0.6 knots an estimate of the
contamment efﬁc1ency in ice is 70% in 3/10ths ice concentrations, 40% i m 5/10ths, and 20% in

Moths. : o p

Additiopal factors that will be included in the evaluation relate to "the storage aspects of the
operation. These include the amo!mf of free water that is recovered along with the oil, the amount
of this water that is emulsified as it is pumped to storage, and the amount of free water that can be
decanted from storage. The values used here are taken from the Guidance Document for Marine On-
Water Response Su'ategy Plans deveIOped by the North Slope Response Project Team (3/10/98)
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Free water pickup is expressed as the oil recovery efficiency, defined as the percentage of water-free

.oil of the total volume of recovered fluid This is particularly important for weir-type skimmers

which are known to recover large volumes of water along with the recovered oil. Weir-type
skimmers are defined as having a recovery efficrency of 20% Oleophilic-type skimmers (e.g., the
LORI brush skimmer and ‘the Foxtail rope mop type device) recover relatively water-free oil.

As recovered fluid is pumped to storage 1t is assumed that some of the free water is mixed with the
oil to form a water-in-oil emulsron. The assumed water content is 40%; thus the emulsron volume
in storageis 1 /(1 -40%) = }.67 times the recovered oil volume.
For planning purposes it canbe assumed that 80% of the free water in storage can be decanted at the
spill site. This water would be pumped from the bottom of the storage tank or barge, and would
typically be discharged wrthm the boomed area where containment and recovery eqmpment is

_ operating. ! . d : l

- i
3 PN
t

5.4 Logistical Constraints .

Compared with the response to spills during open water periods, the response during break-up and

* freeze-up will be limited to some extent by the availability of tugs and barges that are capable of

operating in broken ice conditions. The following are summaries of the inventory and applicability
of the response platforms and support vessels that are available and of the Jogistical restraints
associated with these.

The presence of broken ice narrows the logrstles options consrderably, compared with eithera solid
ice or open water situation. Unhke the mid-winter or mrd-summer periods, there is no one piece of

equipment which can provide reliable access to and/or support at the spill site (e.g., ice roads and
barges). '

At freeze-up, the pnmary problem is raprdly forming new ice under freezing au' temperatures.
Although not severe when compared wrth conditions in January or February, the freezing potentral
and wind chrll in October/November strll represent consrderable 0perauonal challenges, such as

1 1 + e )
N g

B
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helicopter blade 1 xcmg, air cushion vehlcle 1cmg through freezing spray, internal ice build-up within

barge tanks, and rapid consolidation of sluppmg channels broken through fastice Atthe same time,
the air temperatures are low enough to rapidly generate large volumes of ice crystals and slush ice
in any open areas and leads between the floes. This slush seriously affects smnall boat operatlons and
may complicate oil recovery. Sea state is not usually ukey operating issue with the presence of
broken ice and, in October, the ice effectively dampeus most swell and wind waves.

The rapidly diminishing daylight in October and frequent strong winds are also important operatioual
constraints affecting flight operations, and reconnaissance effectiveness. Ice motion can carry the
oiled ice away from the spill source at initial rates of over 10 miles per day, leading to a rapid

" increase in the contaminated area and in the logistics of coordinating the response over increasing

distances. Sat‘ety of personnel and equipment offshore in October under worsening weather -
conditions will be one of the fundamental issues in selecting tranqurt systems. Transport options .

will need to consider search-and-rescue and back-up equipment in the event of an emergency.“

Atbreak-up, the overall envifonmental setting is more moderate, with ice rapidly melting over time,
24 hours daylight, warmer temperatures and generally light winds. Maj or operational constramts are

associated with maneuvering marine equipment through the floes in shallow water, and in some

years with getting manne eqmpment away from West Dock through heavy ice in early July. Flight
operations are more hkely to be curtalled to some extent in July due to alack of VFR conditions (low
ceiling and visibility in fog)

,

Table 5-2 provides an ovemew of the  logistics inventory on the North Slope and Table 5-3 Table

" 5-3 summarizes the general Operatmg capabﬂlnes and limitations of each equipment group when

operating within the environmental sett.mgs representative of the two main scenario groups of break-
up nearshore and freeze-up offshore (refer to Tables 2-1 and 2-2at the end of Chapter 2 for detailed

i

climate and ice descnpuons) bh

<

Speclﬁc picces of eqmpment are fm'ther desenbed in Appendrx F in terms of then' ability to provrde )

transport and on-site support, as well as expected mobilization times. Additional information and
the results of past experience are added where poss1ble to appreciate how different vehicles can be

L] H

"
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used in the subsequent scenarios. Attachments contam contact lists, specification sheets and resource
material prepared by ACS for logxstlcs planning

J

- i

The focus here is on mﬁment cmrenﬂf in operation on the North Slope, togeti)er with additional
equipment that could be made available within a few days of travel time (hehcoptcrs and air cushion
vehicles). Other than small boats which can be brought in by road, there is no means of addmg to v
the existing tug and barge ﬂect in the months of July or October due to heavy ice on the approaches
to Prudhoe Bay. ‘ )
The final analysis of each sc;nario considers the anticipated impr;)\femehts which could result from
using other forms of specialized logistics equipment not presently available or qccessibl;: at Prudhoe

'Bay. Possible examples would be additional air cushion vehicles, more capable ice strengthened tugs -

with icebreaking barges and larger IFR helicopters. Suggestions for either increasing or adding to
the logistics resources available to suppoft abrokenice response operation are provided in Appendix

3 . -
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Summary of Loglstlu Inventory and Apphcability

Category . . ‘Equipment Number and Capacity Applicability:
| . Break-up, Freeze-up
' . or Both
Fixed Wing: light (1) ARCO Twin Otter ; Both
Fixed Wing: heavy "} (6+) Anchorage to Prudhoe or . Both
v ; . | Seattle to Prudhoc - various operators, ¢ g, -
" | 24,400 1b (DC-6) or 46,000 Ib (Herc) :
Helicopter: light (1-2) 4-6 persons or ’ Both
: 800 -2,200Ib (e g, Bell 206/BO105)
Additional machines available out of Anchorage
on short notice in October
Helicopter: medium | (None Local) 12 persons or 3,000 1b ) - Freeze-up
; (e.g, Bell 212) available out of Anchorage on :
short notice in October ;
Helicopter: heavy (2) 9 persons " Both
: 7,900 Ib sling (e.g , Bell 214ST out of Barrow)
Marine Tugs W in ’ . .
(2) Ice capable offshore (Point Class) | + Both
Pl ' - Both

(3) shallow draft inshore (River Class)

Note. one Point tug taken south for dry-docking
summer 97 due to ice damage - due back 98

1
.

1]

| Beaufort Marine (Lvnden)
-1 (1) shallow draft inshgre (Arctic Tern) .

Break-up

kS
N [

[
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‘ TABLE 5-2 (cont.)

: Summary of Logistics Inventory and Apphcabihty

Y = O 0

Category Equipment Number and Capacity - Applicability:
. . Break-up, Freeze-up
\ or Both °
"Marnmne* Barges | Crowley Marine Services
(2-3) deck barges non-ice strengthened
(2-3) combination deck/tank barges with llqmds Both
capacity up to 5,500 bbl each
(1) icebreaking barge capable of storing 21,700 bbl
i at 12.5 ft draft or 16,000 bbl for lightering to West
Dock. .
Notes. Barge #213 does not have a current
, certification to carry oil cargoes. Crowley normally
maintains 5 barges on the slope with one taken out
each summer for dry-docking and inspection.
Beaufort Marine (Lvnden) T o
(1) ice strengthened deck barge (#23)
(1) ice strengthened combination déck/tank barge
(#20) with 12,200 bbl capacity Both .
(2) non ice strengthened deck barges (ex ARCO) Break-up
(2) 40 x 140 flexa float shatlow draft 250 ton ca;p. Break-up
Support Boats ACS Coh , L
) (3) 30-40 ft inboard screw driven offshore workboats . Both
(5) 38-55 f jet drive - Break-up
(about 45) 14-28 fi. assorted work boats . Break-up
i . .
’ (2) survey vessels 43-70 ft. Break-up -
Air Cushion + Alaska Hovercraft . ’
Vehicles (1) LACV-30 (30 ton payload or 5,000 gallons) Both

Note: additional craft available out of Anchorage’
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TABLE 5-3

 shing loads limited to 800 to

lrnited visibihty (22% < 112

' Summary of Key Logistics Constraints ,
Logistics Category Break-up (July) Freeze-up (October)
Air Support: ’
‘|- hehicopters + ice unsafe for shutdown and ~ |+’ ice unsafe for shutdown and
parking parking offshore .

1,200 Ib with equipment in . + icing potential (3% of tume)
Prudhoe (2 h), up to 7,900 Ib mile) ’ ! .

* with Bell 214 from Barrow - * dayhght starting to become
(2.5 h), or up to 10,000 Ib * lmited commercial limited (may require IFR)
with equipment in Alaska (1 availability in July (most : .
to 2 days) SR commercial machmes in * only one or 2 machines °

Alaska are under long-term _ (BO105 and/or Bell 206L) in
contract at this ttme of year) Prudhoe area on short notice
o e (e g, 2 hours) \
A . + high frequency of strong
winds over 25 kt (10%)
1H L -

- fixed wing (reconn) + hmited visibility (26% <1 i} il in slush/snow may give
mile) ARCO system not + limited discrimination in IR or
certified for IFR operation visual : -

Conventional Marine.

- tugs and barges + high ice concentrations limit |+ Lmiting sohd ice thickness of

) speed & maneuvering ~6 inches for conventional

Deck cargo - A (blunt bow) barges, or up to

650 to 2,700 + tons dependmng on | « draft limits (4 to 5 ft) may 1.2 ft for icebreaking barge

barge and water depth . prevent vessels from reaching Endeavor
oiled ice driven into shallow .

Liquid products (total capacity) water » fastice between West Dock

12,200 bbl ice strengthened (1) . - and offshore (will become the

16,000 bbl ice breaking (1) * jce packed into W, Dock early | ° hmitrg factor by mid-

12,000 bbl non ice str. (2) B July may delay vessel October in determinmg barge

' operations access to an offshore site)
‘ + feasibility of breaking-out
frozen-in equipment from
West Dock unknown m ice
i over six to eight inches
) « » freezing of oily water in tanks
N , _ (separate first 1f possible)
l - * risk of becoming trapped or
; beset offshore without
., additional marme support as
. . back-up (shortage of tugs)
+ need minimum 48 hours to
. ‘ mobilize winterized vessels in
. ‘ -52-
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TABLE 5-3 (cont.)

Summary of Key Logistics Constraints
. Logistics Category Break-up (July) Freeze-up (October)
.| Col ional Marine* .
- small work boats (<50 ft) ¢ high ice concentrations, * slush ice clogging jet dnves
particularly under any and/or outboards
‘ pressure
' k ’ * |+ hlmited or no lcebreakmg
* lmrted oily water storage in + ability
any high volume discharge
. , scenano l
. « - no known limitations over * spray icing bmld-up on decks,
rotting fast ice (potential intakes and props
. ;g;;zgiload or up to §0 problems offshore with rubble {manageable but need to aliow
; fields and/or ridging over four for down-time and have back-
Note* mobilization time for more |  fecthigh) | up} .
than one machune to arrive e, }
Prudhoe Bay at any tume of year - . ‘lce adfreeflgfa;o hull can :dd
. | could exceed five days substantia weight an
. cut mto payload (avoid
) prolonged shutdowns in the
. e water in freezing
. temperatures)
) « potential downtime in October
' due to strong winds >25 kt

{avg 10% of the time)
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5.5 In situ Burning

% F o

- The main job in this study is to evaluate the countermeasures approach of mechanical recovéry. The
- secondary job is to determine whether the cleanup approaches of in s:u bumning and dispersant use

can be useful in supplementing the mechanical recovery capability. This and the following section

'provide summaries on these two alternative spill cleanup techniques

Research and actual spill experience have demonstrated that in sifu burning (ISB) can be very
effective when used on oil spills in ice conditions. This is because o1l spilled in waters that are
largely covered by ice will remain relatively thick and contained. The current interest in in situ

_ burning for spills on open water started in the early 1980s with the development of fire-resistant oil

containment boom. The petroleum companies operating in the southern Beaufort Sea in Alaska have
been the leaders in sui)porting the various ISB technologies developed over the years.

There are many advantages of the ISB technique. The bumning of thick, fresh slicks can be initiated
very quickly by igniting the oil with devices as simple as an oil-soaked sorbent pad. In situ buming
can remove oil from the water surface very efficiently and at very high rates. Removal efficiencies
for thick slicks can easily exceed 90%. Removal rates of 1600 m>hr (10,000 bbl/hr) can be achieved
with a fire diameter of only about 100 m (300 ft). The use of towed fire containment boom to
capture, thicken and isolate a portion of a spill, followed by ignition, is far less complex than the

operations involved in mechanical recovery, transfer, storage, treatment and disposal. If the small

quantities of residue from an efficient bum require collection, the viscous, taffy-like material can be
collected and stored for further treatment and disposal. ‘

)
i
3

There are two major concerns over the technique. First, there is the fear of causing secondary fires
that threaten human life, property and natural resources, and, second, there are concerns over the
potential environmental and human-health effects of the bf-products of burning, primarily the
smoke. Both concerns can be dealt with by good planning and operations. \ |

ol
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Extensive experimentation on crude and fuel oils with a variety of igniters'in a range of

" environmental cjonditions has confirmed the following rules-of-thumb for non-emulsified oil in

relatively calm, quiescent conditions:

_* - the minimum ignitable thickness for fresh, volatile crude oil on water is about I mm:;

H

e

e  the mimmum 1gmtablc thickness for aged, unemulsified crude oil and d1esel fuels is about

3t05mm, . -

¥

. the minimum ignitable thickness for i'esidpal fuel oils, such as Bunker “C” or No. 6 fuel oil,

is about 10 mm; and, .

- 1, ' !

. oncepl m® of burning slick has been established, ignition can be considered accomplished.
Aside from oil type, other factors that can affect the igniiability of ol slicks on water include: wind -
speed, emulsification of the oil and igniter strength. Secondary factors include ambient temperature

and waves. .

* * The maximum wind sﬁeed for successful ignition of large burns has been determined to be
10 to 12 mvs. | |

-

o L 2 [l

i+

e For weathered crude that has formed a stable water-in-oil emulsion, the upper limit for

successful iénition is about 25% water Some crude oils form meso-stable emulsions that

’ can be easily i gmted atmuch hlgher water contents. Paraffinic crude oils appear to fall into
this category (Fingas et al 1997)

*  If the ambient temperature is above the oil's flash point, the slick will ignite rapidly and
easily and the flames will spread quickly over the slick surface; flames spread more slowly
over oil slicks at sub-flash temperatures. : < - :



O OO0 oD OO OO DO oD ca

.

s
5

-Emulsification of an oil spill negatively affects slick ignition “This is b&ause of the water in the

emuleion, which can have a concentration of up to 90% for highly stable emulsions. The oil in the
emulsion cannot reach a temperature higher than 100 °C until the water is either boxled off or

- removed. With emuls:ons, the heat from the i lgmter or from the adjacent burning oil must ﬁrst boil

the water before it heats the oil to its fire point.

The rate at which in situ burning consumes oil is gene;'ally reported in ;mits of thickness per unit
tir;le (mmlmir; is the most commonly used unit) The removal rate for in situ oil fires is a function
of fire sme (or diameter), slick thickness, oil type and ambient envxronmental conditions. For most
large (> 3 m diameter) fires of unemulsified crude 011 on water, the “rule-of-thumb” s that the
burning rate is 3.5 mm/min. Automotive diesel and j _|et fuel fires on water bumn at a slightly higher
rate of about 4 mm/min. ‘ T

Oil removal efficiency is a function of three I“nain faetors: the initial tﬁicgness of the slicki the
thickness of the residue remaining after extinction; and, the coverage of the flame. The general rules-
of-thumb for residue remaining after a successful burn are described below. Other, secondary factors
include envn'onmental effects such as wind and current herdmg of slicks against barriers and oil

weathering.

" The following rules-of-thumb apply for the residue thickness at bum extinction:

for pools of unemulsified crude oil up to 10 to 20 mm in thickness the residue thickness is

.
1 mm; . ‘
1 < -

« for thicker crude slicks the residue is tl;icker; for example, 3 to 5 mm for 50 mm thick oil,

«  for emulsified slicks the residue ’thickness can be much greater; and,
+ for light and middle-distillate fuels the residue thickness is 1 mm, regardlessl of slick
_thickness.

?56- >
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Wind and current can herd a slick againsta banjiver,#such as a towed beom, thus thickening the oil

. for continued burning. As Iittle as a 2 m/s wind is capable of herding oil to thicknesses that will

sustain combustion. Indeed, the phenomenon of “uncontained” in situ burning is based on the
requirement of a .;'elf induced wind (drawn in by the combustion process and the rising column of
hot gases), to "herd" and keep an uncontained shick at burnable thicknesses. Current can also
dramahcally increase burning efﬁcxency (i e., reduce the amount of burn residue) by herding burning
oil against a barrier. The detrimental effects of current can include entrainment of residue beneath
a floating barrier as the residue c}ensity and viscosity increase during the burn process, and
overwashing of the burning slick, causing extinction of the flames Excessive waves can also have

a negative effect on the burning process.

The residue from a typxcal efficient (>85%) in situ burn of crude oil 10 to 20 mm thick i 1s a semi-
solid, tar«hke layer that has an appearance similar to the skin on an old, poorly sealed can of latex
paint that has gelled For thicker slicks, typical of what might be expected in a towed fire boom

~ (about 150 to 300 mm), the residue can be a solid. The cooled residue from thick (>100 mm),

efficient in situ burns of heavier crude oils can sink in fresh and salt water (SL Ross 1996).

x
¥

* 1

A two-step process is likely involved in emulsion burning: "breaking" of the emulsion, or possibljr
boiling off the water, to form a layer of unemulsified oil floating on top of the emulsion slick; and

* subsequent combustion of this oil layer. I-hghtemperaturesarelmowntobreakemulsmns Chenncals

called emulsmn breakers", common in the oil mdustry may also be used.

¥
tl

For stable emulsions the bum rate declines significantly with increasing water content. The decrease

in burning rate with increasing water content is decreased further by evaporation of the oil. The J

effect of water content on the removal efficiency of stable weathered crude emulsions can be

summarized by the following rules-of-thumb:

« little effect on oil removal efficiency (i.e., residue thickness) for low water contents up to

about 12.5% by volume; e
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+  anoticeable decrease in burn efﬁcienc)} v;rith water contents above 12.5%, the decrease
being more pronounced with weathered oils; and

»  zero burn efficiency for stable emulsion slicks having water contents 0of25% or more. Some

‘crudes, like Milne Pt. used as an analogue for Northstar crude in this report, form meso-

, stable emulsions that can be ignited and burn efficiently without emulsion breaker addition.

The primary objecﬁ;re of this study, as stated in the terms of reference for the study, is to evaluate
the mechanical recovery capablhty that exists on the North Slope for dealing with blowout spills in
- brokenice condrtrons In situ burning is to be considered a back-up method, that is, a method to deal
" with any oil that cannot be handled by existing mechamcal systems. Although the followmg
scenarios and analysns of ISB conform to this dlrectlve, it should be understood that ISB techmques
could be used as a first option in a number of spill situations with good results.

t * F

.

-

5.6 Dispersant Use

.5.6.1 General Considerations r T
_ When oil is spilled on water, it exhibits a cohesiveness or resistance to break up. This cohesive
strength is due to the interfacial tension between the oil and water. A chemical dlspersant acts at the
oil-water mterface to greatly reduce this interfacial tension. This action promotes the break-up of the
oil film into droplets that disperse into the water phase If the droplets are small enough they will
have little buoyancy a.nd will be carried away and diluted by normal ocean current and movement.

T
: §

_Despite the great decrease in interfacial tension, some mixing energy is still needed to promote
movement and drspersxon of the fine oil droplets into the water column. ‘This energy can be supplied
either by the natural motion and currents of the sea or by mechanical means such as work boats. The
more energy that is available, the less dispersant that is required.

Dispersants will not be effective on highly viscousrspills either spills that are viscous to begin with
such as Bunker C spills or spills that become viscous through water-in-oil emulsxﬁcauon. The exact
cut-off point is not fully understood and i it ccrtamly varies with oil type. The general rule-of-thumb

4
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has been that spills more viscous than 2000 cp to 10,000 cp are not dispersible. Recent research, '’
using a relatively new dispersant product, Corexit 9500 indicates that the value could be up to
20,000 cp (see Lewis et al. 19982 or Lewis et al 1998b) More research is needed in this area.

Dispersant will work only if the dispersant chemical, sprayed by aircraft or vessel, is thoroughly
mixed into the oil. This is not a problem for thick slicks of oil, but is for very thin slicks. This is
because the dispersaﬂt droplets in the spray, having io be fairly large to avoid being carried away by
the wind (the recommended size is in the 0.5 mm‘ra.nge), cannot make good contact with slicks much
thinner than the droplet diameter. The usual problem is that the dispersant droplets crash through the
thin slicks and are quickly lost to the water before Ihaving a chance to blend with the oil.

The most controversial preblem with dispersant use, aside from any issue related to effectiveness,
is that dispersed oil can be toxic to animals in the water under the spill. When the small oil droplets
enter the water they dilute quickly to concentrations in the range of 1 to 10 parts-per-million

. immediately under the treated slick. After spraying stops, concentrations decline rapidly towards

background levels The areas of elevated oil concentration in the water are tefnporary and restricted
" to the near surface waters. This oil will not be lethal to animals (except perhaps to extremely
sensitive species duectly under the treated shcks), but concentrations are theoretically high enough -
to cause tainting. Research has shown that if such contamination or tainting were to occur, the fish
‘would purge the contamination within days or weeks. In the recent spill from the tanker, Sea

" Empress, off the coast of Wales, where large amounts of dispersant were used to treat the spill, no

tainting was observed in fish caught in the v1c1n1ty of dispersant operauons

With specific regard to the use of dispersants on the blowout spills described in this study, the

prospeets are not pliomising (except for one scenario, Scenario 1) for reasons summarized below:

¢  Generzally speaking, because the presence of ice tends to dampen surface mixing caused by
wind, there is less opportunity for treated slicks to disperse easily. This is not to say that
effective dispersion is not possible, but that it more difficult all things being equal.

-
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¢ A few of the sIcEnarios (Scenarios 4, 5 and 6) involve very viscous oil slicks. For these,

" dispersant use éould be tried, but the results would likely not be good.

* Intelligent dispersant use involves environmental trade-off decision md&ng, where the potential

impacts of the untreated ol are compared to the potential impacts of the treated oil. Dispersants
should not be used in the Alaskan Beaufort Sea until these trade-éffs are sorted out. In 1985 a
dispersant use decision making system was developed for the Canadian portion of the southern
' Beaufort Sea (Trudel et al. 1988), but this has yet to be done for the Alaskan portion. In the
Canadian study it was found that dispersant use made good e‘nvironmcr;tal sense in many
scenarios, but it remains to be seen if that would be the case off the North Slope. -

In aﬁ)'r dase: environmental impact issues are beyond the scope of this study. When dispersant use
is discussed in the scenarios in Chapter 6, the discussion is limited to the issue of effectiveness.

%

5.6.2 Platforms and Supplies in Alaska
The State of Alaska has one of the best dispersant-use capabilities in thejworld.rThe spray systems
and their specifications, and the amounts of dispersant available in Alaska, mostly owned by Alyeska

_Pipeline Services, are summarized in Table 5.4, Table 5.5 and Table 5.6. The total volume of

dispersant is 100,000 galions. Note that the product is Corexit 9527. There are dozens of dispersant
products available globally, but only four products are approved for use in U.S. waters, by virtue of

' the fact that they are listed on the EPA NCP Product Schedule. These are: Corexit 9527, Neos AB

3000, Mare Clean 200, and Corexit 9500. In practical terms, however, only Corexit 9527 and the
recently-developed product, Corexit 9500, are stockpiled in North America inAlarge quantities. Only

?

As noted in Table 5.4 there are three types of systems available in Alaska for applying dispersant to
oil slicks: helicopter systems, vessel systems, and large fixed-wing aircraft. The aircraft system that
currently has the largest delivery capacity is the C-130/ADDS pack which ht;lds 5000 gallons of
dispersant. Generally, helicopter systems are not considered applzopria"te for response to large
offshore spills because of their limited range and payload. But when spills are close to land and good
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Co TABLE 54 .
) Dispersant Application Platforms in Alaska

¢

Type of System - Number : Payload \ Location
Vessel spliay system .2 ' . 1000 gallons ‘ Valdez, AK
Vessel spray system 1 ‘ ﬂ 1000 gallons L Valdez, AK
Helicopter bucket : 2 | . 240 gallons "~ Valdez, AK y
ADDS pack 2 . 5500 gallons Anchorage, AK

TABLE 5.5 i
: o Specifications on Dispersant Application Vessels in Alaska
C-130/ADDS pack Vessel Helibucket
Payload " 5000 gallons min. 1000 gallons "~ 240 gallons
© Max. Speed 150knots - 10kots  Séknots
Min. Speed 130knots  ° 3knots . 27knots.
Max. PumpRate 800 gallons/min. 12 gallons/min 120 gallons/min.
Min. Pump Rate 100 gallons/min. <~ - 12 gallons/min. 79 gallons/min.
Swath Width 150200fet = - 90fet . - 100 feet
Reposition Time 4.25 min. ” Omin. " 225min.
~ _ TABLES6 = S )
Corexit 252\'7 Dispersant in Alaska Owned by or Available to Alyeska ‘
Volume {gallons) ' Storage 1 Owned by ' Location R
60000 ;- " bulk , " Alyeska ) Anchorage, AK ~
4700 .- drums Alyeka ~ Valdez, AK
| . 1275 - S5galdrums | CISPRI Anchorage, AK
, 9405  SSglldnms  CISPRI Nikisk,AK |
‘ 61
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maneuverability is required, they are very useful. This is exactly the situation that exists for the
blowout spills at Northstar and Pt. McIntyre considered in this study. The fields are close to land and
the spraying of dispersant product onto oil slicks scattered among broken ‘ice will require

.maneuverable aircraft, such as helicopters, and skilled operators, bot‘h of which are found on the
“North Slope serving the petroleum industry on a regular basis. .

. The helicopter-base& units are self-contained systems that are slur}g beneath the helicopter. They are

made up of a d15per§ant Teservoir, a pump-motor assembly and a spray-boom. The system has the
advantage of not requiring any modification to‘ the helicopter before use. Despite their higher
cruising speeds (50 to 75 kt with external slung loads), the helicopter is limited by its limited
operaung range and very small payload, whlch ranges from 240 to 600 gallons for those systems
available in the U.S. With a small payload, many sortles are required to deliver 31gmﬁcant quantities
of dispersant. Also, because of their high speed and low pumping rate, helicopter systems are limited -
to application rates of about 10 gallons per acre, and therefore require mu]nple passes to provide
higher doses to the thlck oil patches. ;

The éeneral strategy for dispersant use for the blowout spills in this stuay would be to have two
helicopter/spray bucket systems during daylight hours spray both the oil that is escaping mechanical
operations at the time and the oil that escaped during the previous night. The details of this operation
are described in Chapter 6 for the appropriéte spri'lls.
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6. Detailed Scenarios

6.1 Introductioh

L

4

This chapter uses the knowledge and information presented in the previous chapters to d;scribe in

' succinct terms the likely behavior and clcanup potential of the six sclectcd blowout scenarios. The

general parameters for the scenarios are shown in Table 6-1.

TABLE 6-1 . ‘
General Parameters for Blowout Scenarios at Northstar and Pt. McIntyre Sites

'

Scenano Description Blowout Rate ' | Gas-to-Oil Ratio, | Wind Speed, Wind
Number ‘ g and Duration SCF/barrel ~ knots Direction
(from)
1 North Star, 30% | 15,000 BOPD 2200 *13.5 ‘E
' Ice, Freeze-Up for 15 days e .
mmus 20% | .
evaporation !
2 North Star, 50% | same as above 2200 19 WSW
Ice, Freeze-Up \
3 North Star, 70% | same as above 2200 225 Sw
Ice, Freeze-Up n
4 Pt. McIntyre, 30% | 12,000 BOPD 750 11 W
. Ice, Breakup for 15 days R
minus 20% for
evaporation
5 Pt. Mclntyre, 50% | same as above 750 9 SE
Ice, Breakup )
6 Pt. McIntyre, 70% | same as above 750 175 . E
Ice, Breakup °

kY

As explained in detail in Chapter 2 it is inconceivable that any of the above scenarios will truly

involve a uniform distribution of ice floes at an unvarying concentration (either 30, 50 or 70%).
Nonetlielcss, this simplifying assumption will be used to illustrate the potential effectiveness over F
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the range of possible conditions. The full z;ppmach for analyzing the scenarios for the purpose of
determining spill response capability in broken ice conditions was explained in Chapter 2 (in Section
2.5.3) and is summarized below. *

. Fll’St; detailed broken-ice scenarios will be developed in which ice floes cover 30%,
50% and 70% of the water surfacg uniformly. This, in fact, has already been done in
Chapter 2 where each of the scenarios is described in detail, in terms of ice properties
and environmental conditions, on the basis of certain sunphfymg assumptlons, and

these descnpnons are summarized in Tables 2-1 and 2-2 at the end of that chapter

s Next, the 1celenv1ronment scenarios will be used in modehng and delineating the

distribution and movement of spilled oil onto the surrounding waterand i ice.

J Then, the ice and oil spill scenarios will be used to analyze countermeasures
capability in fixed 30%, 50% and 70% ice concemrauons on a daily basis and over

‘ the 15-day blowout period. \
. The broken ice capabilities will be quickly compared with the known
_ countermeasures capabilities for spills that take place in open water and in a complete

+

ice cover environment.
The major emphasis of the analysis is on the effectiveness of the mechanical rcooveryisystems that
now exist on the North Slope. However, because the spill scenarios are presented in detail in this
chapter, it is also convenient in each scenario to discuss the use of additional mechanical equipment ,
and other cleanup techniques (particularly in situ burning and dispersant use) and determine the

extent to which these might improve cleanup effectiveness.

Before proceeding directly to the scenarios, please note the following. The first part of each scenario
isa two-page description of the blowout behavxor and the fate of the spill in ice. The behavior of the
- dascharging oil from the blowouts is a very oomplmted affair involving drops of different snze

. ¢ . + N n
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falling at different rates and at different locations. This is explained in detail in Scenario 1, but is not
repéated in the following scenarios. This extra technical discussion is presented in Jtalic type to

allow uninterested readers to easily pass over tif desired. Similarlj/, in the countermeasures analysis,

the first scenario in each of the broken ice }egimes (fmeie-up and break-up) is discussed in more

detail than the ones that follow. This is done simply to avoid repetition. .
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6.2 Scenario 1. Northstar in 3/10ths Ice Cover During Freeze-up .

6.2.1 Blowout and Spill B;ehavior (Scenario 1. Northstar, 3/10ths Ice, Freeze-up) ]

Al

An uncontrolled blowout occurs in early October at the Northstar artificial island releasing 15,000

_ barrels of oil per day (BOPD) and 33 x 10° standard cubic feet (scf) of natural gas per day (a Gas-to-

Oil Ratio [GOR] of 2200 scf/bbl). Over the first 72 hours of the incident, the air temperature ranges

" from a nighttime low of 13 °F to a daytime high of 23 °F. The wind speed averages 13.5 knots from
. the east. The surrounding water is covered by 3/10ths new ice floes. The ice is 0.4 to 0.6 feet thick

and covered by 1 to 2 inches of snow. The floes are hundreds to thousands of feet in size. The ice

s drifting at the same speed as the water (both wina-c}ﬁven at 3% of the wind speed) at 0.4 knots

to the west. Small waves (only a few inches in height, because of the reduced fetches in the icc) are
present on the open water between the floes. These conditions do not change over the nme penod
of the scenano, as well "the ice concentrations do not change asit dnfts away from the spill sue (i.e.,

_ no convergence or dlvergence of the ice). — L :

v

" As the oil and gas exit the 6.3-inch inside diameter tubing at the wellhead the high velocity of the

gas atomizes the liquid oil. The gas and oil drc;plcts pass through the derrick or machinery spaces
and the droplets agglomerate. After this the volume median diameter® of the ol Spray dréi:lets is
assumed to be 0.75 mm. The ki‘nctic energy of the gas jet from the wellhead carries the droplets to
a height of 120 feet above the release point. From this point the warm oil droplets begin to fall as
they are carried downwind by the wind. Evaporation occurs during the droplets’ descent, and it is
assumed that, regardless of fall nmc or droplet diameter, the slick formed by the droplets has lost
20% of its volume to evaporation. - -

¥
v

The speed at which the droplets fall is governed p‘rirﬁarily by their diameter: larger oil drops fall

much faster than smaller droplets. For example, in still air, a 0.75 mm droplet falls at a speed of 7.5

r +

Tt

2 50%of the volume of oul is contamned in d’oplets larger than the volume median diameter and 50% 1s contained
m droplets smaller than the volume median diameter.

-

- e
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ft/sec. If there were no turbulence in the wind, in the 16 seconds required for a 0.75 mm diameter
droplet to fall 120 feet, it would be carried more than 360 feet downwind. In real wind conditions ,
considerable amounts of turbulence exist and must be accounted for in determining the tra]ectory
of the ol spray. If the oil spray generated by the  blowout were imagined to be all one drop size ( Le.,
0.75 mm diameter), the drops would still fall at different distances from the blowout because of the
turbulence in the wind. As the spray of oil drops falls, it is being spread horlzontally and vertzcally
by air turbulence, or meandermg of the wind. In the time required for 99.7% of the 0.75 mm droplets

. to fall to the surface the w:nd has carried the final few 0.75 mm droplets 920 feet from the blowout.

The air turbulence also spreads out the droplets laterally as they fall, with the width of the

"footprint” of the oil on the surface increasing with distance from the source in a parabola-like
pa

* shape.

.
* ]
¥

In reality, the spray of oil droplets is made up of many different droplet sizes. In determintng the
footprint of the oil spray on the surface, this must also be taken into account. This is accomplished
by dwviding the full range of oil drop sizes produced by the blowout into nine smaller ranges, each
representmg 10% of the total volume of all the oil droplets. Only nine drop-size ranges are used

. because 10% of the volume of oil released is assumed to be in droplets so small (much less than 50

um) that they remain suspended in the atmosphere and never settle out. Each range is characterized

bya droplet diameter that is representative of the droplets in the same range. For example the
" largest 1 0% of the volume of oil spray droplets is represented by a 1.55 mm diameter oil  droplet;

the smallest 10% that will settle is represented by a 0.05 mm diameter droplet The d:menstous of

) the o:l spray footprint on the surface is calculated by determmmg the dzstance downwind and width .

for 99 7% of the representative droplets in each range to settle to the surface.

¥

' Table 6-2 shows the estimated width and thickness of the oil spray footprint as a function of the
. percentage of the volume of droplets that have fallen out of the plume and the distance dowmvmd

of the blowout in the 13 5 knot wmd and 0.4 lmot current of tlus scenario. The second column gives
"the size range of the droplets bemg modeled (i. :.e., the first row is calculated usmg a drop diameter
representmg the largest 10% of the oil drops, or 1.55 mm) and the third columrt gives the droplet
dmmeter representmg the size range. Thedistance downwmd for 99.7% of. these droplets to fall from

tow
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the 120 foot release height to the surface is shown wn the fourth column. The largest droplets (ie,
the largest 10%) fall fastest and, on average, fall out of the plume nearest to the blowout; the
smallest droplets (i.e., those with a diameter that 90% of the droplets are bigger than) fall very

. slowiy and will drift downwind for long distar;ces.

TABLE 6-2

Predicted Near-source Dimensions of the il Spray Footprint from a Blowout
Durmg Freeze-up at Northstar in 3/10ths Ice Cover

<

o) 2y Oy

Range | Size range Droplet Distance Width of Average oil
of oil drops | diameter used | downwind for | footprint for thickness
(by volume) | - to represent 99.7% of the 99.7% of across width
. size range drops in the ' drops (mm)
(mm) . ' | given size range ()
- to settle to the ,
surface (ft)
1 largest 10% 1.55 500 90 ' 04
2 -20% 135 530 . 100 0.7
3 '30% - 115 | 590 115 0.9
4 40% 095 660 - 130 11
5 YMD* 0.75 - 920 180 , 0.9
6 . 60% 0.55 : 1,200 230 0.9
7 70% < 0.35 1,600 360 0.7
8 80% © 015 6,600 1000 03 -
"9 90% 0.05 33,700 6,600 0.05

* Volume Median Diameter ) ’ X ;

|

' The fifth column gwes :he width of the footprint at the given downwmd dlstance created by the

falling oil droplets. This number is smatly a function of atmosphenc turbulence parameters. It is
calculated by muluplying the standard deviation of atmospheric turbulence in the horizontal plane
at the givén distance downwind by 2.67 to account for 99.7 % of the drops falling out in that width.

- The final column gives t{ze average thickness of the footprint created by the falling oil droplets if all

the oil accumulated to the given downwind distance was spread evenly across the width of the
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footprint and was evaporated 20%. 'Hxiswvalue imtially increases w:tll distance from the blowout,
reaches a maximum and ;hen decreases as the spray gets farther from the blowout This decrease
is partly due to the large widths predicted for the la;'ge downwind distances for all of the smallest
droplets to settle to the surface. For the purpose of further predzcuve modeling of the fate and
behav:or of the sur:face oil slick, the footprint thickness at the point where all (99.7%) of the droplets
of a diameter representing 50% (by volume) have reached the surface is used. This thickness, and
the corresponding wzdth, are used to define the starting dunensions of the "t}uck" portion of the ol
slick that is the focus of further modeling and the countermeasures assessments. In this case, the
thick slick is 180 feet wide and 0.9 mm thick at the starting point of the surface slick modelmg. This

is at a distance of approximately 920 feet downwind of the blowout.

T
3

&

For the purposes of these scenaﬁos it was assumed tl1at all of the oil landed past the perimefer of the -
" island. This is a reasonable assumption for the prevailing westerly winds, but it is acknowledged that
a small peroeutage of the oil could be deposited on the island phrtic:ﬂarly with wind from the east.
Takmg z;to accounl the fact that many of the drops in Range 6, about half of tl:e drops in Range 7
and a few of" the drops in Range 8 settle out in this (920 f1) distance the thick slick at this point
contains about 60% of the oil that will eventually setrle to the surface. As noted, at this pomt, the
oil slick is assumed to be evaporated to 20% loss About 40% of the oil that eventually settles to the
surface falls beyond the 920 foot mark. Because most of these droplets are small (some of Range 7
and virtually all of Ranges 8 and 9) they travel far downwind and spread widely before settling out.
These droplets form a very thin slick on either side of the thick oil. This very thirl shick is a long,

narrow triangular area with an average thickness that can be shown to be on the order of 35 um.

The approximate mass balance for the oil released from the blowout is: 20% evaporates from the

drops in the air; the smallest 10% of the volume of the weathered droplets are so small that they -

remam suspended i in the atmosphere; about 60% of the remaining oil (or about 40% of the total - -

0 6 x 0.7, composed of mostly the larger droplets) settles to the surface within 920 feet and, if it
" lands on water, forms a slick 0.9 mm thick and 180 feet wide; and, 40% of the remaining oil (or

£
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about 30% of the total - 0.4x0.7, comp;sed of mosily small droplets) settles out farther downwind
and forms a thin (35 um) slick bordering each side of the thick shck.

For the purposes of this scenario, it is estimated that 70% of the oil spray lands on water and 30%
lands on the surface of ice floes. Thc spray that lands on ice floes coats the surface and is absorbed
by the snow. The thickness of 1 tlus ol coanng is estimated by summing the amounts of oil of the
various size ranges that settle ?nto the floes as they drift under the plume from the lee side of the
island to the point at whz:ch oil drc:plets Jfinish setthng. Directly in the lee of the island, over the

. distance required for 97.7% of the VMD droplets to settle out (920 feet - see Table 6-2 above), it is

assumed that the ice floes are coated evenly over a width equal to the plume width (in this case 180

) feet). Further down drif:t, the oil coaning is incremental. The average oil thicknesses on the floe

surface ranges from 1.2 mm near the center-line of the oiled strip to 0.005 mm out near the edges.

This oil will evaporate at a rate neéligibly different from the oil that falls on the water, reaching a

" total evaporative loss of 33% after 72 hours. . ) .

" Table 6-3 summarizes the predicted characteristics of the thick slick over a time period of 72 hours.
" The oil that forms the thick slick on the water has a visoésity of 120 cP and a Pour Point of 10 °F

at the point where the on-water modeling is started. For the first 15 hours after its creation, the thick
portion of the slick on water continues to spread laterally as it drifts with the ice, reaching a width
of 300 feet and a thickniess of 0.5 mm. After 15 hours, the oil has evaporated to a point (28%) where -
its Pour Point (30 5F) exceeds the ambient water temperature and the thick portions of the slick cease
to spread on water. For the duration of the scenario (72 hours) the thick slick generally moves with

the oiled ice floes and does not spread further, although it, may meander among the widely-separated

Y
bl

floes in the ice field due to oceanic eddies or large-scale turbulence.

L
L

The presence of ice dampens the wave action that would normally exist with a 13.5 knot wind and |
reduces natural dispersion of the oil slick compared with open water conditions. The thick slick is
predlctcd to begm to form a water-in-oil emulsnon some 18 hours after the oil had been deposrted
on the water surfacc If cmulsrﬁmnon rates are t.hc same in loose ice as in open water under identicat )
winds, the slhck would be fully emulsified (75% water content by volume) after 27 hours on the

H A3
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) form of thin sheens trailing the drifting floes.

3
- ¥ i . -

water. By this time the thickness of the thick portion of the slick has increased proportionately to the
volume of water in the emulsion, I:eaching about 1.5 mm for the 75% water emulsion.

The thick oil shck continues to evaporate and naturally dlspersc slowly throughout the 72 hour

scenario. It loses 29% of its volume to evaporatlon and an addmonal 7% to dlsperswn after 24 hours;

"32% to evaporation and 9 % to dispersion after 48 hours; and, 33% to evaporation and 11% to
" natural dispersion after 72 hours. The viscosity of the unemulsified o1l increases to 180 cP after 12

hours; when the thick slick emulsifies, the slick viscosities are 7000 cP at 24 hours, 8700 cP at 48
hours and 9300 cP at 72 hours. The Pour Point of the thick oil after 72 hours has increased to 44 °F.
At the end of the 72 hour scenario period, 18% of the oil released at the beginning of the scenario

. still remains in thick slicks on the water surface between floes and 18% (0.9 x 0.3 x [1 - 0.33])

remains on the surface of ice floes, The rcmamder of the 011 discharged has evaporated or naturally

, dlspersed never settles, or is in very thin slicks sunoundmg the thick slick. The oiled water area is

a long (29 nautical miles), narrow (300 feet) strip that contains relatively thick (1.5 mm) emulswn

. slicks on the water surrounded by thin oil. The ice floes that were sprayed with cil as they passed

under the blowout plume are coated with 0.005 mm to 1.2 mm of oil on the snow on their surface.

* The thicker coatings are on the floes near the center-line of the oiled strip.

L]

Over timo, the oil remaining on water will be incorporated into the surface layer of the growing ice
and the oil remaining on floes will be covered by snow. A poftion 'of the oiled ice will likely be

. formed into ridges and rubble fields during November and December as the thin ice deforms under

_pressures from wind and heavier pack ice to the north. Any oiled ice which escapes being

incorporated into the fast ice will gradually drift west, and in many years could end up in the
Chukchi Sea by spring. During the spring (late May to early June) any oil still remaining near the
surface of level ice will rise to lie in melt pools; the oil incorporated into ridges and rubble ﬁelds will
be released more slowly. Ultimately, rotting ice will release any oil strill remaining at breakup in the

-
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" TABLE 6-3 .
Summary of Slick Characteristics from a Blowout During Freeze-up
at Northstar in 3/10ths Ice Cover over 72 Hours

Time | Thickoillefton | Emulsification Slick Thick slick { Thick shck
(h) water (% of total | (% water vol.) viscosity | thickness width
released) (cP @ 30 °F) (mm) (ft)
Initial 26% 0 ] 120 0.9 180
3 25 0 145 0.7 | 240
6 24 0 160 0.6 250
12 .22 0 180 0.5 280
24 21 I 7000 - 1.6 300
48 19 75 - 8700° + - 16" . 300
72 > 18 75 - 9300° 15 300

takes emulsification 1nto account :

6.2.2 Existing Mechanical Methods (Scenario 1. Northstar, 3/10ths Ice, Freeze-up)

This section evaluates the likely effectiveness of a containment and recovery operation in response

to the sccrrario. The ice conditions at West Dock, more than the ice concentrations at the spill site,
will govern the marine equipment ihat can be used for the operation and the speed of the response.
The primary issue becomes one of breaking out the frozen-m vessels and moving them offshore -
through a band of ncwly forming fast ice which could easﬂy extend a mile or more to the north of

- West Dock. Early in the freeze-up scenario, when 3/10ths ice concentratron is assumed up to four

tugs and two rce-strengthened barges could be mobilized and used for offshore support of
containment and rer:ovcry. Smatler boats could be used for boom handling on site; however,’these
vessels are not ice-strengthened and would need to be transported to the site as deck cargo on a,
barge. It is estimated that mobilization tlme for this marine support would be a minimum of 48

. hours, and 60to 72 hours until it arrived on-site. (It is noted that since the draft report was prepared,

adecision was made tolocate response eqmpment on Northstar Island. This change in capability was
not addressed in this analysis.) B

i
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Given that the majority of the oil in these blowout scenarios is concentrated in a relatively narrow

.slick, a large number of systems would not be required to encounter all of the thick portions of oil.

In fact, two containment systems, each involving 360 feet of boom deployed in a J-configuration,
could encounter the entire 240-ft thick slick width (using a gap ratio of 1.3). For the moment, the
effectiveness of two such systems will be evaluated, a;lthough the iJossible effectiveness of additional
systems will be estimated later in the analysis Oil ;ccovery would be carried out using a s'kimmer
operated from the barge and deployed at the apex of ;he ‘J’. There are several weir-type skimmers
stockpiled by ACS that would met;t the estimated encounter rates in these scenaﬁo§, which will be

-in the range of 50 to 100 bbl/hour. (Alternatively, oleophilic skimmers such as the LORI brush

skimmer or the Foxtail could be used, but weir-type skimmers are used in the evaluation to illustrate

_the greater ﬂuid handling concerns of weir-type devices. The resulting estimate of system

effcctlvencss would be the same in either case.) Table 64 summanzes the key equipment that would

be used for the initial containment and reoovery response for thlS scenario.

“TABLE 64

Key Equipment for the Initial Containment and Recovery Response for Scenano 1
Equipment Type | Examples - ‘ Function
‘ Barges + | Endeavor working platform and storage for skimming operation
Beaufort 20 ) ‘
Tugs r Pt. Barrow tow equipment to site and position on-scene .
) Pt. Thompson e 3
Arctic Tern -
Sag River , ;
Toolik River '
Kavik River
+ | Containment boom | Ro-Boom 36x43 | concentrate oil for recovery
Skimmers .| Transrec 250 oil recovery |
- .| Desmi Ocean . - )
Desmi Harbor ' T
T3
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The slick conditions of interest are those estimated for 3 hours dowﬁ drift of the blowout. This

‘oorresponds to a distance of about 7000 féet, which is judged to be a safe operating distance based

on hydrocarbon-m-au concentrations. At this pomt the thick stick is 240 feet wide and has an
average thlckness of 0.7 mm. For a containment system positioned downstream of a blowout, the
encounter rate is calculated by mu}tlplymg the encounter width of the system by the slick thlckness
and the slick drift rate of 0.4 knots. In addition to thxs, one must acoount for the fact that, on average,
30% of the slick width would be covered by it{e. Thus the ‘encountcr rate for oil on water and
available for recovery would be reduced by 30%. So, for each containment system employing 360
feet of boom, the encounter rate is: ' ?
. encounter rate = (360 feet x 0.1';3 gap ratio) x 0.7 mm x04 kno;s x(1 £30% ice)
| = 83 bbl/hour :

As noted above, this is within the derated recovery rate of several of the offshor'e skimmers that
could be used; therefore, the encounter rate will be the limiting factor and will be us:ed in subsequent
calculations, Using this as the recovery rate, and using the guidelines of 20% oil recovery efficiency
and 40% water-in-oil emulsion in §tora;ge, the m@ fluid recovery rate can be estimated as shown in

1 ;

the following table.
' TABLE 6-5
Fluid Recovery Rates for Scenario 1
Fluid ‘ Calculation . . Recovery rate
oil lesser of system encounter rate and derated recovery rate 83 bbl/hr
total water oil content in recovered fluid (recovery efficiency) =20% | 332 bbl/hr
emulsified water | emulsified water content in recovered fluid = 40% 55 bbl/hr
free water - | total water less emulsified water ’ 277 bbl/hr
total fluids oil + emulsified water + free water ) 415 bbl/hr
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. Obviously, there will be inefficiencies when operating containment and recovery equipment among

broken ice. These inefficiencies will be due to liaving to reposition containment boom to avoid large

ice features and to rid the contamed area of accumulanons of small floes. As described previously,

"this contamment efficxency is esnmated to be 70% for this soenano, that is, due to interruptions

related to the broken ice the containment operation is effective for 70% of the time.

L3

Using these figures one can then estimate the total oil, emulsion, and free water that could be
recovered per unit time period. Assuming that operations are restricted to daylight hours, the total

' fluid volumes per day are calculated by combining the hourly rates, the 70% encounter efficiency,
" and the 12 hours of dayhght available at this time of year (see Table 6-6). ‘

TABLE 6-6 :

. E§ﬁmate of Recovered Fluids per 12-hr Time Period

Item * " Calculation ' Volume
total fluids per 12 hours “ - | 415 bbl/hr x 12 hours x 70% © 3486 bbl
total free water 277 bbl/hr x 12 hours x 70% 2327 bbl
volume that can be decanted total free water x 80% 1861 bbl
total fluids stored per 12 hours total fluids less decant 1625 bbl
oil ) ' 83 bbl/hr x 12 hours x 70% 697 bbl
emulsified water " . | 55bbl/hr x 12 hours x 70% | 4620l
free water : - total free water x 20% ) 466 bbl

The above calcﬁlations were for one system operating for only the 12 daylight hours. There is
adequate equipment and marine support to provide for two systems, so the above estimates per
system can be multiplied by two, resulting in the following estimates of oil and fluid recovery per

12-hr time period.
* | Estimate of Fluid Recovered by Two Systems per Day
total oil recovered . . ' 1394bbl
’ ~ | total fluid recovered ’ 3250 bbl

75- S
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A possible 11m1tat10n in operatmg the described systems over a period of time is that of storage
space. Given that there are a ‘Timited number of tugs/barges applicable to the freeze-up season, it

would be a serrous loss of effectiveness if a barge system were to have to shut down recovery

. operations in order to shuttle fluids back to storage at West Dock. Based on the above fluid recovery

rates this would h'twe to occur about every 8 days, translating into a loss in overall effectiveness of
roughly 13% (1 day in 8 spent shuttling ﬂuide) An alternative would be to consider the use of
hovercraft to transport fluids from the Splll scene in order to extend the use of the barge storage
space. As described in detail in Appendix F, two hovercraft could be on scene within the same
response tume as the tug/barge combinations. The two machines, operatmg in tandem, could provrde
' a shuttle throughput of up to 2600 bbl/day, \{vhlch would extend the use of barge storage almost
indefinitely:‘(\14,000 + 12,200 bbl) + (3250 - 2600 bbl/da;y) = 40 days available storage.

i

Predicted Effectiveness of Existing Mechanical Systems in Recovering 15-Day Discharge

+

'This final step in this section is to use the above calculations to assess the effectiveness of existing
systems to deal with the total volume of oil discharged over the 15-day blowout period. The
assessment includes the effects of response-time delays, and the envrronmental derating factors of
visibility, VFR flying condltlons, and wave herghts The response nme for the freeze-up scenanos
is estimated to be 60 hours, so for the 15-day period the effect is to reduce effectiveness by 17% ((15
1 -25)+15=0.83). As discussed in Chapter 5, the combixraﬁon of the three environmental factors
is such that mechanical containment and recovery will be effective, on 'average; 77% of the time. The
following is the estimate of effectiveness for the 15-day period, expressedasa percentage of the total

AS

“blowout ﬂow ' .

-~ Recoveredoilvolume= 1394 bbl/day x 0.83 x 0.77 + 15,000 bbl/day
- = 59%

76-
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6.2.3 Additional Recovery Systenfs (Scenario 1. Northstar, 3/10ths Ice, Fr:eeze-up)
It is interesting to note the possible effectiveness of an additional system for this scenario. Given that
the two identified systems can encounter the entire wtdth of the thick slick, a third systern would be’
limited to chasing relatrvely thin sheens. The thlckness of oil outside of the thick portron is estimated
to be 35 pum, or 0. 035 mm. This is only 1/20th (or 5%) of the thick slick thickness. This would

correspond to an encounter rate of only 6 bbl/hr, and based on the above calculation procedure, a

S i
_ daily recovery volume of only 70 bbl (i.e., less than 1% of the daily blowout volume). ~

-

Consrderatron could also be grven to deploying a thrrd system to attempt to recover orI from the thick
slick that is missed by the first two systems: although the two systems encounter all of the thick
slick, they lose an estimated 30% of it due to mefﬁcrencres associated wrth the ice conditions. More

serious consideration will be glven to this possibility in the break-up soenanos, and a calculatton

procedure is described for estimating the potential effectiveness of additional systems. However, in

the freeze-up scenarios, given the other limiting factors (iJeroentage of oil on ice, encounter
efficiency, limited daylight hours), the effectiveness of each of the first two systems is only about
_ 3%. Additional systems would recover onlya portron of this, in this scenario, perhaps an additional
1%. Fma!ly it is noted that there would be a lumted time period with which to use additional
systems. the freezing temperatures mean that the oil wﬂl be mixed with slush ice anrl soon

incorporated into ice forming on the water surface.

oy
! 1

6.2.4 Dispersant-Use kScenaﬁo 1. Northstar, 3/10ths Ice, lf:reeze-up)

. Inthis seenerio the amount of oil that falls on water to form relatively thick slicks (> 0.5 mm) ~ after

unavoidable losses due to evaporation; tiny-particle drift, and oil falling on ice - is 3900 barrels per
day (15,000 BOPD x 0.26 - see Table 6-3). According to the above analysis of mechanical recovery
mpabrlrty the amount that can be physically recovered is 1394 barrels of oil per day. This leaves
2506 barrels of oil per day as a target for a dispersant program. This is the oil that has been lost

“ because of inefficiencies of the recovery operation, mainly due to ice mtrusrons, and losses because

77
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operations are assumed not to take place at night. The following analysis assumes that there are’

environmental incentives for using dispersant and that government approvals’are in place.

; The analysis focuses ﬁrst on the logistics of the operation, that is, determining how much of the oil

can be treated with dlspersant using the proper dispersant-to-oil ratio (DOR). Once this is done an
attempt will be made to assess how effective the dispersant might be in actually dispersing the oil
from the water’s surfact:,. The program will use hehcoPterISpray-f)ucket systems for the operation.
These are ideally suited for this kind of operation because spills are close to land, high

. maneuverébillty is required of the spray platfon;ns, and there already is much helicopter expenence

in the area. The specifications of the helicopter/spray bucket systems were provided earlier in Table

5.5 in Chapter 5. These are summarized below. i

Item . Capacity
Payload = = - 240 gallons

» Max.Speed . .~ S4knots
Min. Speed _ .« 27 knots
Max. PumpRate . 120 gallons/min. '

| Min. Pump Rate _ ', 79 gallons/min. ]
" |swahWidth 100feet -
" | Reposition Time (360°) '2.25 min. .

. The slicks that are the target for dispersant spaying in this scenario, as noted in Table 6-3, are in the

range of 0.5 to 0.7 mm. In order to treat slicks of this thickness using a dispersant-to-oil ratio (DOR)

. of 1:20, an application rate of about 30 gallons per acre would be required. The helicopter system
" specified in the above table has the capability of spraying about 10 gallons per acre, on average. So,

cach targeted slick would have to be sprayed about three times to achieve the proper dosage. Current

. expert opinion is that a DOR of ;only about 1:50 or ﬁeven 1:60 may be sufficient for effective

. -78-
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. Northstar production facility.

treatment. In that case, only one pass might be réquired. However, to be conservative we will assume
that a DOR of 1:20 will be used. ]

The oil available ¢=:ac:h~ day for dispersing (about 2500 barrels after evaporation) would therefore
require about 5300 galtons of dispersant per day (2500x42/20). The two helicopter/bucket systems

~would therefore need to carry out about 10 sorties each per day (that is, during the 12 hours of

daylight). Logistically, this would be accomplished as follows

The dispersant bucket system requires a helicopter with a sling capacity of at least 2,700 1b allowing
for the payload and bucket wcightl Bell 2125 are readily available for charter out of Anchorage and
could arrive at Deadhorse within 12 hours from a call-out (6 hours flight time plus mobilization anc{
crewing): At the same time dispersant and the helibuckets would be loaded on Northern Air Cargo
DC-6 aircraft for delivery to the Sloi:e. The existing agreement with‘Alaska;Clean Seas is to have
the aircraft available for loading within two hours. It is assumed that all systems could be in place
and ready to start operation within 12 hours of the accident. This is sooner than the mechanical
recovery systems can be in place pickipg up oil (60 hours after the ac;:ident). Therefore,
theoretically, the dispersant response could deal with all the oil diséharged and on the surface in the
first 12 hours of the spill and also the oil dlscharged over the next 48 hours before the mechameal
systcms amve o ’ ,

Thereafter it would only haye to deal with the oil that was not recovered by the mechanical systems.

Based on the twelve hours of daylight available, the following conservative logistics plan is
proposed for using two machines to treat the offshore slicks falling within on; to two miles of the

* Assumptions: (Bcll 212.- operatmg limits supplied by ERA)

. endurance wnh 2,700 Ib on the hook - 80 minutes
T,e  transit and search speed with sling load - 65 knots
° refuelmg time - 10 minutes (5 mm min. hot refuel)

o average pump rate - 100 gallonSIrmn

-
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Results:

r

average Speed while pumpmg 40 knots (68 ft/sec) \

average open water (assume, slick) area between typical floes of 400 f1. d1a in 3/ 10
ice = 288,900 ft2 corresponding to an average lateral sllck dimension of about 600
fit (for ﬂlustratwe purposes only) - ’ ‘
loading and refueling at WDSP staging area' at fooi of West Dock causeway (8
nautical miles from Seal Island) ‘ .-

u

T

(one machine - multiply by number available) -

i

> transit time to and from the site - 15 minuvtes

time to traverse typical slick - 8.8 seconds (600/68)
repositioning time to empty bucket

= (([240/100] x 60)/8.8) x 2.25 = 36.8 minutes

total time on site = reposmomng time + bucket dump time = 36.8 min + 2.4 min = ,
392 mm

! +

| total sortie time = time on site + transit = 39. 2 + 15 = 54 min, Need to refuel after

each sortie - add 10 min makmg total net sortie tune 64 min.
total number sorties per day (12 x 60)/64 = 11.25

. allowing for crew change and reorientation half way through the day, a reahsnc

scenario can @all for 10 someslday )

The above value of 10 sorties per 12-hr day‘ is conservative in the sense that the helicopter

repositioning time (360°) is taken to be 2.25 minutes. This could be cut in half easily by using 180°

turns. In any case, it appears feasible to plan on twenty sorties with two machines flying 12 hours

per day. The most sensitive parameter controlling the productivity of the operation is the average

slick dimension, which is onntrolled in part by the floe size and other factors such as wind speed, '

distance downwind etc. Many more small slicks wﬂl greatly increase the repositioning tnne On the

other hand, larger ﬂoes may lead to fewer large sllcks with a corresponding reduction in the number

. of reposmonmgs between individual apphcanons.

A
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The above analysis sl}ows that the 2500 barrels of escaped oil can be treated with dispersant in‘a

" dispersant-to-oil ratio of 1:20. Now the tiuestion is: How effective will the treatment be in actually

dispersing the oil? If the ice were not present and dampening the waves, one could estimate that the
dispersant effective could be in the 50 to 80 % range, the range estimated for spills of Alaskan North

s Slope crude treated with Corexit 9527 (SL Ross 1997) No one can say with any certainty what the
. value would be in this case; there is simply no reltable knowledge on the subject of dispersa;lt use

in an ice situation like this. To be conservative, we will estimate that only 25% of the treated oil in .

this scenario will be dispersed. Continuing the eotht;rvative thinking, we will further assume in the

next two scenarios involving 50% and 70% _icc, that dispersant effectiveness will be essentially zero.

’In summary, for this scenario it is assumed that the dlspersant operation will disperse 25% of the

2500 barrels of oil that escaped the mechanical reoovery operatmn

t 5
1

6.2.5 In situ Burning (Scenario 1. Northstar, 3/10th§ Ice, Freeze-up)

It is recognized that insufficient vessels exist to conduct an in situ burning(ISB) operation in addition

to the containment and recovery operation described above. However, a description and assessment

of such an operation is given below for assessment purposes.

1

The in situ burning umt that would make sense for this scenario consists of 360 feet of fire boom and

two tugs. A helicopter mrryingpa Heii-torch would support the burn operation. The ISB unit, as with

the contaiximent and recovery system, would be deployed to encounter as much as possible of the

thick shck The encounter rate of each burn unit for this scenario is thus the same as for the recovery

unit at:, .

ISB encounter rate (;nax) = (360 feet x 0.33 gap) x 0.7 mm x 0.4 knots x (1 - 30% ice)
’ ~= 83 bbl/hr ’

¢

Unlike the containment and recovery system, the Iéﬁ system is envisioned as being usedina "batch"
mode. Oil is collected in the back of the boom for a certain period of time, then the system is moved

away from the heavy o&nécntrations of oil and the accumulated oil is burned off. For the sake of

H

¢ -Bl1-
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. simplicity, it is assdmed{that the thick slick is encountered aﬁd collected for 50% of the time, and

the remainder of the time is spent burning off the accumulated oﬂ and maneuvering the unit back
into the thick oil slick. This equates, over a 12-hour day, Pto collecting oil for 6 hours and burning
and maneuvéﬁng for 6 hours. Each individual burn would ‘take about 1 .2 hours from igxﬁﬁon to
extinction. After each day’s operations, the section of fire boom would have to be replaced. It is

potentially twice as efficient to collect and burn simultaneously; however, becausc the oil shck

, - thicknesses emanating from the source could be close to the minimum ignitable for weathered crude
" (about 2 mm) there would be a danger of the fire burning back to the spill source. (The thickness is

only 0.7 mm at 3 hours down current and this is the average thickness across the width of the thick

13

The estimated daily removal rate for one ISB unit is thus:

£l

ISB unit estimated daily removal rate = (83 bbl/hr x 12 hr) x 0.5 = 498 bbl
If all the vessels capable of Operatmg in this scenario were used for ISB operatlons, a total of two
ISB units could be deployed removing an estimated 996 bb! of oil from the water surface per day
If more vessels were avanlable, four ISB units could be operated to remove 1992 bbl per 12-hour day.

4

In this scenario the weathered oil on the ice floes is too thin to ignite.

A similar overall reduction in in situ burning effectiveness to that ;ictermincd above for mechanical
oontaix;ment. and recovery, can be estimated using the same response time and gnvironmenﬂ factors
as for mechanical containment and recovery. For ISB operations the additional factor of the
percentage of time that winds are less than 20 knots (80%) is alsé taken into account. The estimate
of ISB effectiveness for the 15-day period, expressed as a peroéntage of the total blowout f!ow:

996bblldayx083x07‘7x080+15000bb1/day
34%

Oil volume removed by ISB

-82-
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6.3 Scenario 2. Northstar in 5/10ths Ice Cover During Freeze-up

r . *

6.3.1 Blowout and Spill Behavior (Scenario 2. Northstar, 5/10ths Ice, Freeze-up)

-

An uncontrolled blowout oc;curs in mid October at the' Northstar artificial island releasing 15,000
barrels of oil per day (BOPD) and 33 x 10° standard cubic feet (scf) of natural gas per day (a Gas-to-
Oil Ratio [GOR] of 2200 scf/bbl). Over the first 72 hours of the incident, the air temperature ranges
from a nighttime low of 8 °F to a daytime high of 18 °F. The wind speed averages 19 kno;s from the ’
WSW. The surrounding water is covered by 5/ 10ths new ice floes. The ice is 0.6 to 0.8 feet thick and
covered by 2 to 4 inches of snow. The floes are hundreds to thousands of feet in size, The ice is
drifng at the same speed as the water (both wind-driven at 3% of the wmd speed) at 0.6 knots to
the ENE. These conditions do nqt change ;)\?er the time period of the scenario; as well, the ice
concentratior;s do not change as it drifts away from the spill site (i.¢., no convergence or divergence

of the paclé). The water will be covered with newly groiwmg ice crystals and slush.

As the oil and gas exits the 6.3-inch inside diameter tubing atthe wellhead the high velocity of the
gas atomizes ‘the hqmd oil. The gas and oil droplets pass through the derrick or machinery spaces
and the droplets agglomerate. The kmenc energy of the gas jet from the wellhead carries the droplets
to a height of 90 feet above the release point. From tlns pomt the oil droplets begin to fall as they

are carried downwmd by the wind.

II; this scenario, the slick is 180 feet wide and 0.7 mm thiék at the étarting point of the surface slick
modeling. This is at a distance of some 920 feet downwind of the blowout. At this poini, the oil slick
is assumed to be evaporated to 20% loss. . . ;

For the purposes of this scenario, itis estimated that 50% of the oil spray lands on water and 50%
lands on the ice surface. The spray that lands on ice floes coats the surface and is absorbed by the

snow. The range of oil thicknesses on the floe surface ranges from 0.9 mm near the center-line of
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the oiled strip to 0.004 mm at the edges. This oil will evaporate at a rate negligibly different from
the oil that falls on the water, reaching a total evaporative loss of 34% after 72 hours.

Table 6-7 summarizes the predicted characteristics of the thick slick over a trme period of 72 hours.

" The oil that forms the thick slick on the water has a viscosity of 120 cP and a Pour Point of 10 °F

at the point where the on-water modeling is started. For the first 12 Igours after its creation, the thick
portion of the slick on water continues to spread laterally as it drifts with the ice, reaching a width
of 250 feet and a thickness of 0.4 mm. After 12 hours, the oil has e\;aporated to a point (28%) where
it’s Pour Point (30 °F) exceeds the ambient water temperature and the th}ck portions of the slicl;

cease to spread on water. For the duration of the scenario (72 hours) the slick moves with the oiled

_ice floes and does not spreaél further, although the thick slick may meander somewhat in the pack

ice field due to oceanic eddies or large-scale turbulence. ,
The presence of ice inhibits the wave actio;x that would normally exist with a 19 knot wind and
suppresses natural dispersion of the oil slick. The ice also suppresses the formation of a water-in-oil

emulsion.

The thick oil slick continues to evaporaté slowly throughout the 72 hour scenario. It loses 31% of
its volume to evaporation after 24 hours; 33% after 48 hours; and, 34% after 72 hours. The viscosity

" of the unemulsified oil increases to 210 cP after 24 hours; 240 cP after 48 hours; and, 250 cP at 72 ‘

hours. The Pour Point of the oil after 72 hours has increased to 4'{ °F.

¥

At the end of the 72 hour scenario f)eriod, 17% of the oil released at the beginning of the scenario

. still remains in thick slicks on the water surface between floes and 36% remains on the surface of

ice floes. The oiled water area is a long (41 nautical miles), narrow (250 feet) strip that contains 0.4

| mm thick unemuls1ﬁed oil slicks between floes. The ice ﬂoes that were sprayed with oil as they

passed under the blowout plume are coated wnh 0.004 mm to 0 9 mm of oil covering the snow on

- their surface. The thicker coatings are on the floes near the center-line of the oiled strip.
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Over time, the oil remammg on water wnll be incorporated mto the surface layer of the growing ice |

and the oil remaining on floes will be oovered by snow. A pOl'thIl of the oiled ice will likely be
formed into ridges and rubble fields during November and December as the thin ice deforms under
pressures from wind and heavner pack ice to the north. Any oiled ice which escapes being

incorporated into the fast ice will gradually dnft west, and in many years could end up in the

Chukchi Sea by spring. During the spring (late May to early June) any oil still remaining near the

surface of level ice will rise to lie in melt pools; the oil incorporated into ridges and rubble fields will
be reléased more slowly. Ultimately, rotting ice will release any oil still remaining at breakup in the
form of thin sheens trailing the drifting floes. 1

4

'TABLE 6-7
Summary of Slick Characteristics from a Blowout During Freeze-up
at Northstar in 5/10ths Ice Cover over 72 Hours

3
¢

Time Thick oil lefton | Emulsification Stick Thick slick | Thick slick
(h) water (% of total | (% water vol.) viscosity thickness width
‘ released) (cP @ 30 °F) (mm) : (ft)
Initial . 21% 0 , 120 . 0.7 180
3 20 v 0 155 0.5 230
6 . 20 . 0 170 0.5 240
- 12 19 0 190 . 04 250
24 . 18 0 210 0.4 250
48 ' 18 0 "240 04 T . 250
72 17 0o - . 250 O.i 250

k]

6.3.2 Existing Mechanical Methods (Scenario 2. Northstar, 5/10ths Ice, Freeze-up)

As in the first scenario, the ice conditions at West Dock as well as those at the spill site will limit

the marine equipment that can be used for the response. In this secﬁario, midway through the freeze- -

up period wnh 5/10ths ice concentration, up to four tugs and two ice-strengthened barges could be °

' :

._f - w - n "
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mobilized and used for offshore support oontainment and recover_{r.'As in the first scenario it is
_ estimated that 60 to 72 hours would elapse before these arrived on-site.

%
m

‘The slick conditions areéiﬁnilar to those in theﬁﬁarst scenario, with\heavy concentrations of oil in a
relatively narrow slick, surrounded by a thin sheen. Asin the first scenarfo, two containment systems
Fcould encounter the entire 23;O-foot slick width. Overall, a similar set of equipment -- tugs, barges,
* booms, and skimmers — would be emplbyed. The main difference in this scenario is the increased
amount of ice, which lowers the effe‘cl:tive encounter rate of the system (the system cannot access the
oil that is distributed on the ice) and the lower containment ef.ﬁciehcy as;sociated with operating in
the increased ice concentration. A

‘In this socnario, the slick conditions at a point 3 hours doﬁ drift of the blowout are a thick slick of
230-foot width and 0.5 mm thlckness Combmmg this with the sllck dnft rate of 0.6 knots and the

50% ice concentration results in an encounter rate per system of:

encounter rate = (345 feetx 033 gap rano) x 0.5 mm x 0. 6 knots x(1- 50% ice)
’ 61 bbllhour

w

This is less than the derated recovery rate of sfever‘al of the offshore skimmers that could be used, so
again the encountenj rate is the limiting factor and is used in subsequent calculations. Following a
similar calculation process as in the first soenano, the following table shows the calculations for total

" fluid reoovery rates.
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‘ TABLE 6-8

Fluid Recovery Rates for Scenario 2
I~ Fluid - Calculation T . | Recovery rate
oill lesser of system encounter rate and derated recovery rate 61 bbl/hr
total water oil content in recovered fluid (recovery efficiency) = 20% 244 bbl/hr
emulsified water | emulsified water content in recovered fluid = 40% 41 bbl/hr
free water - | total water less emulsified water - 203 bbl/hr
" total fluids oil + emulsified water + free water 305 bbl/hr

-

Compared with the first scenario, the main difference here is the greater ice concentration and its
effect on containment efficiency. For the 50% ice condition, the containment efficiency is assumed
to be 40%, that is, the containment operation is effective for 40% of the time accounting for
interruptions relateél to clearing ice from the containment and repbsitioning the system when
avoiding large floes. . : {
Assuming that Opé;ations are restricted to daylight hours, the total fluid volumes per day are
: calculated by\ combining the hourly rates, the 40% encounter ‘efﬁciency, and the iO—‘/z hours of
daylight available at this time of year. ’ ' ‘ |

OO OO OO oD oo oo oo cC . O



mﬂmmmmmmmmmmmmmmmmmm

¥

. . TABLE 6-9 l '
Estimate of Recovered Fluids per 10%:-hr Time Period For Scenario 2

Item - ©  Calculation Volume
total fluids per 10%2 hours >~ | 305 bbl/hr x 102 hours x 40% 1281 bbl
total free water - ' 203 bbl/hr x 10%2 hours x 40% 853 bbl -
volume that can be decanted ‘ total free water x 80% ~| 682bbl
total fluids stored per 10%2 hours total fluids less decant 599 bbl
oil - 61 bbl/hr x 10%: hours x 40% 256 bbl
emulsified water ' 41 bbl/hr x 10%2 hours x 40% 172 bbl

| free water ' ; total free water x 20% . 171 bbl

i

The above calculations were for one system so the above numbers can be doubled to account for the

two sﬁstems that would be deployed at the site:

k]

Estimate of Fluids Recovered by Two Systems per Day
total oil recovered . 512bbl
= |} total fluid recovered - - 1198 bbi

As{ in the first scenario, hovercrﬁft could be considered to shuttle fluids and make most effective use
of the available storage within the barges on-site. In this instance, the maximum hovercraft
throughput of up to 2600 bbl/day exceeds the daily recovery of fluids and would extend the use of

barge storage indefinitely.

4

Predicted Effectiveness of Existing Mechanical Systems in Recovering 15-Day Discharge’ |
' 'This final steﬁ in this section is to use the above calculations to assess the effectiveness of existing
systems to deal with the total volume of oil discharged over the 15-day blowout period. The

+ assessment includes the effects of response-time delays, and the environmental derating factors of

-4 1 )
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visibility, VFR flying condilic;ns, and wave heights. For all the fmeze-up scenarios, the response u
time is estimated to be 60 hours, so for the 15-day period the effect is to reduce effectiveness by 17%
((15 - 2.5) + 15 = 0.83). Also for all freeze-ui: scenarios, the combination of the three environmental -
factors are such that, on average, m;echaniczl containment and recovery will be effective 77% of the
time. The following is the estimate of effectiveness for the 15-day period, expressed as a percentage
of the total blowout flow: . ‘ .

Recovered oil volume= 512 bbl/day x 0.83 x 0.77 + 15,000 bbl/day
Sl 220

,\

633 Additional Recovery Systems (Scenario 2. Northstar, 5/10ths Ice, Freeze-up)

Asinthe pre\‘rious scenario (section 6.2.3), the entire width of the thick slick can be encoutinte;'ed b)'r
two containment and recovery systems. Any additional systems would be limited to chasing thin
sheens and would add little to the overall effectiveness of the méponse. Additional systems could
be considered to attempt to deal with oil outside the thick slick, as well as portions of the thlck slick

missed by the first two systems due to ice-related inefficiencies; hovéever, aﬁy additional systems

i -~

”~ ' s

would be even less effective than is described above.

H v -

634 Dispersant-Use (Scenario 2. Northstar, 5/10ths Ice, Freeze-up)

In this scenario the amount of oil that falls on water to form relatively thick slicks (> 0.4 mm) - after
unavoidable losses due to evaporation, ﬁny-parﬁcle drift,‘and oil falling on ice ~is 3150 barrels per
day (15,000 BOPD x 0.21 —see Tabie 6-7). According to the above analysis of mechanical recovery
capability the amount that can be physically recovered is 512 ba;rels of oil per day. This leaves 2638 -
barrels of oil per day as a target for a dispersant program. -

4

" The oil available each day for dispersing would therefore require about 5500 gallons of dispersant

Fl

per day (2638x42/20). The two helicopter/bucket systems irguld therefore need to carry out about
10 sorties each per day (during the 12 hours of daylight), that is, about the same as the first scenario

-89-



involving 3/10ths ice. The logistical set-up would be identical to that dcsc;-ibcd in the previous
scenario. ' S )

*
>

The major question about dispersant use in this scenario is whether there would be enough oceanic
mixing energy to effect good dispersion. This is difficult to say. To be conservative, we will assume
} that di;persant effectiveness in this situation will be close to zero, and will not "remove" any oil from )
the surface. However, in the real event it seems that it would make reaspnable sense to try to disperse

. the escaping oil slicks. This may prove to be effective under the circumstances.

6.3.5 In situ Burning (Scenario 2. Nortlfstar, 5/10ths Ice, Freeze-up)
As in the first scenario it is recognized that insufficient vessels exist to conduct an in sifu burning
operation in conjunction with the containment and recovery operation described above, but if there

were, the in situ buming unit would consist of 345 feet of fire boom and two tugs: A helicopter/Heli-

-

The encounter rate of each burn unit for this scenario would be the same as for the recovery unit at:

t

. ISBencounterrate(max) = (345feetx 0.3 gap)x 0.5 mm x 0.6 knots x (1 - 50% ice)

61 bbl/hr

-

e

As in the first scenario the ISB system is envisioned as being used in a "batch” mode. Oil s collected
in the back of the boom for a certain period of time, then the system is moved away from the heavy
concentrations of oil and the accumulated oil is burned 6ff. For the sake of simplicity, it is assumed
that the thick slick is encountered and collected for 50% of the time, and the ‘rcmainder of the time
is spent burning off the accumulated oil and max;euvering the unit back ipto the thick oil slick. This
equates, over a 10.5-hour day, to collecting oil for 5.25 hours and burning and maneuvering for 5.25
hours. Eéch individual burn would take about 1.2 hours from ignition to exﬁnct{on. After each day’s
operations, the section of fire boom would have’to be replaced. It is potentially twice as efficient to
, collect and burn simultancousiy; however, bet%mse the oil slick thicknesses emanating from the

-90-
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source could be close (0.5 mm at 3 hqufs isthe gxgmgg thickness across the width of the thick slick)

to the minimum ignitable for weathered crude (ca. 2 mm) there would be a danger of the fire burning

!

back to the spill source.
The estimated daily removal rate for one ISB unitisthus: _
ISB unit estimated daily removal rate= (61 bbl/hr x 10.5 hr) x05

= 320 bbl

. L
P e ? :

_If all the vessels capable of operating in this scenario were used for ISB operations, a total of two
- ISB units could be deployed, removing an estimated 640 bbl of oil from the water surface per day.

If more vessels were‘availablé four ISB units could be operated to remove 1280 bbl per 10.5-hour
day. This is slightly higher than the case of oontamment and reoovery because it is envisioned that
burning, then mancuvenng the ISB unit back mto the thick oil wnll take less time than for the

conventional boom and skimmer system.

A similar overall reduction in in situ buming effectiveness to that determined above for mecixanical
containment and recovery, can be est1matcd using the same response time and environmental factors
as for mechanical oontamment and rcoovery For ISB operatlons the additional factor of the
percentage of time that winds are less than 20 knots (80%) is also taken into account. The estimate

| of ISB effectiveness for the 15-day period, expressed as a percentage of the total blowout flow is:

3

O1l volume removed by ISB 640 bbl/day x 0.83 x 0.77 x 0.80 + 15,000 bbl/day

' 22% T ' '

n'
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6.4 Scenario 3. Northstar in 7/10ths Ice Cover During Freeze-up

A1

-

6.4.1 Blowout and Spill Behavior (Scenario 3. Northstar, 7/10ths Ice, Freeze-up)

I3 kS

An uncontrolled blowout occurs in fate October ;1t the Northstar artificial island releasing 15,000
barrels of oil per day (BOPD) and 33 x 10° standard cubic feet (scf) of natural gas per day (a Gas-to-
Oil Ratio {GOR] of 2200 scf}bbl). Over the first 72 hours of the incident, the air temperature ranges

- from a nighttime low of 3 °F to a daytime high of 13 °F. The wind speed averages 22.5 knots from

the SW. The surrounding water is covered by 7/10ths new ice floes. The ice is 1 to 1.2 feet thick and
covered by 5 to 6 inches of snow. The floes are hundreds to thousands of feet in size. The ice is
drifting at the same speed as the water (both wind-driven at 3% of the wind speed) at 0.7 knots to

_the NE. These conditions do‘not'change over \the time period of the séenario; as well, the ice

concentrations do not change as it drifts away from the spill site (i.e., no convergence or divergence

of the pack), except for the presence of an ice-free wake in the lee of the island. Small waves (only

" afew inchesin heiéht due to the restricted fetch) will exist in this wake area. The water in the wake

area will be covered with newly growing ice crystals and slush. The pack ice drifts back in to fill the
wake area within 1000 feet downwind of the island. oo

As the oil and gas exits the 6.3-inch inside diameteritubing at the wellhead the high velocity of the
gas atomizes the liquid oil. The gas and oil droplets pass through the derrick or m:;chinersr spaces
and the droﬁlets agglomerate. The kinetic energy of the gas jet from the wellhead carries the droplets
to a height of 75 feet above the release point. Fron'; this point the oil droplets begin to fall as they

- are carried downwind by the wind. . ] - '

In this scenario, the slick is 180 feet wide and 0.6 mm thick at the starting point of the surface slick
modeling. This is at a distance of some 920 feet downwind of the blowout. At this point, the oil slick

»

b

is assumed to be evaporated to 20% loss. .

+
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It has been noted that, in the lee of the artificial island, an open water area, or wake, will exist,

stretching up to 1000 feet downwind. It is in this area that 60% of the oil will fall to the surface of

the water. For the purposes of this scenario, it is estunated that 72% of the oil spray lands on water
(60% falls out in the wake and 30% of the other 40% that settles out past the wake lands on water
between ﬂoes and forms a very thin - 351 m - slick) and 28% lands on the surface of ice floes past
the wake zone. The spray that lands on ice floes coats the surface and is absorbed by the snow. The
range of oil thicknesses on the floe surface ranges from 0.2 mm near the center-line of the oiled stnp
to 0.003 at the edges. 'I'lns oil will evaporate at a rate neghglbly chffercnt from the oil that falls on

~ the water, reaching a total evaporative loss of 35% after 72 hours.

Table 6-10 summarizes the predlcted charactenstlcs of the thick slick over a time period of 72 hours.

The oil that forms the thick slick on the water has a viscosity of 120 cP and a Pour Point of 10 °F
atthe point where the on-water modeling is started. For the first 9 hours after its creation, the thick
portion of the slick on water oontinues; to spread laterally as it drifts with the ice, reaching a width
of 240 feet and a thickness of 0.4 mm. After 9 hours, the oil has evaporated to a point (28%) where
it’s Pour Point (30 °F) exceeds the ambient water temperature and the thick portions of the slick

+ _cease to spread on water. For the duration of the scenario (72 hours) the slick moves with the oiled

ice floes and does not spread further, although the thick slick may meander somewhat in the ﬁack
ice field due to oceanic eddies or large-scale turbulence. '

The presence of ice inhibits the wave action that would normally exist with a 22.5 knot wind and .
suppresses natural dispersion of the oil slick. The ice also suppresses the formation of a water-in-0il
emulsion.

The thick oil slick contmues to evaporate slowly throughout the 72 hour sccnano It loses 32% of
ltS volume to evaporauon after 24 hours; 34% after 48 hours; and, 35% after 72 hours The viscosity
of the unemulsxfied 011 increases to 220 cP after 24 hours; 250 cP after 48 hours; and, 260 cPat72
hours. The Pour Pomt of the oil after 72 hours has increased to 48 °F.
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" form of thin sheens trailing the drifting floes.
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At the end of the 72 hour scenario period, 33% of the oil released atj the beginning of the scenario
still remains in thick slicks on the water surface between floes and 23% remains on the surface of
ice floes. The oiled area is a long (68 nautical miles), narrow (240 feet) stripht‘hat contains 0.4 mm
thick unemulsified ;ﬂ slicks on the water between floes. The ice floes that were sprayed with oil as
they passed under the blowout plume are coated with 0.003 mm to 0.2 mm of oil covering the snow

on their surface. The thicker coatings are on the floes near the center-line of the oiled strip.

Over time, the oil remaining on water will be incorporated into the surface layer of the growing ice
and the oil remaining on floes will be covered by snow. A portion of the oiled ice will likely be
formed into ridges and rubble fields during November and December' as the thin ice deforms under
pressures from wind and heavier pack ice to the iaonh: Any‘ oiled ice which escapes being
incorporated into the fast ice will gradually dnftj ‘west, and in many years could end up in the
Chukchi Sea by spring. i)l;ﬁng the spring (late May to early Juﬁe) any oil still remaining near the
surface of level ice will rise to lie in melt pools; the oil incorporated into ridges and rubble fields will
be released more slo|wly. Ultimately, rotting ice will rele;nse any oil still remaining at breakup in the

TABLE6-10 .
Summary of Slick Characteristics from a Blowout During Freeze-up
! _at Northstar in 7/10ths Ice Cover over 72 Hours

Time Thick oil lefton | Emulsification suckf_-'mick slick | Thick slick
(h) water (% of total | (% water vol.) viscosity thickness width
L released) e (cP @ 30 °F) (m_n.l.)._ (ft)
Initial 4 0 120 06 - 180
3 38 0. 160 . 05 230
6 37 0 ' 180 - 0.4 240
12 36 -, |...0 200 04 | 240
24 .35 0 220 04 - 240
48 34 0 250 04 {. 240
72 33 0 260 0.4 240
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6.4.2 Existing Mechanical Methods (Scenario 3. Northstar, 7/10ths Ice, Freeze-up)

i
i

Compared with the previous two scenarios during freeze-up the greater ice oonoentratioe in this
scenano limits the amount of 011 on the water and available for containment and recovery, as well
as severely limiting the appllcablhty of containment and recovery countermeasures. The slick
conditions are roughly the same as the other two freeze-up scenarios - a slick ef 230-foot width and
0.5 mm thickness - allowing the same general approacin and equipment for containment and

recovery. However, the encounter rate, when reduced to account for the 70% ice concentration, will

"be much less than the available skimming capacxty Given the slick condmons and using the same

approach as in the previous scenarios results in an encounter rate of only 43 bbl/hour.

Aswell, the greater (ice concentration drastically affects the containment efficiency. For the 70% ice
condition, the containment efﬁciencylis estimated to be only 20%, that i, the containment operation
is effective for only 20% of the time accounting for interruptions related to clearing ice from the

containment and repositioning the system when avoiding large floes.

o+

¥ z

In all, usmg the same calculation prooedure as‘m the first two freeze-up scenarios, only a small
fraction of the blowout volume could be expected to be recovered given the 70% ice concentrations.

The following is an estimate of the fluids reeovered for two systems per 8-hour period (hours of
daylight at the latter end of freeze-up): o

i

‘ Estimate of Fluids Recovered by Two Systems per Day

, ghrperiod
" total oil recovered ' 138 bbl
total fluid recovered " 322 bbl
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Pl:edicted Effectiveness of Existing Mechanical Systems in Recovering 15-Day Discharge

This final step in t'his section is to use the above)c_alculationé to assess the effectiveness of existing
systems to deal with the total volume of oil dlscharged over the 15-day blowout penod The
assessment includes the effects of response-tlme dclays and the environmental derating factors of
-visibility, VFR flying conditions, and wave heights. As for all the freeze-up scenarios, the response -
time is esumated to be 60 hours, so for the 15-day period the effect is to reduce effectiveness by 17%
((15-2.5) + 15=0.83). Also forall frcczc-;lp scenarios, the combination of the three environmental
factors are such that, on average, mechanical containment and recovery will be effective 77% of the

-time. The followmg is the estimate of effectiveness for the 15-day penod expressed as a percentage

of the total blowout flow: - L

»

Recovered oil volume = 138 bbl/day x 0.83 x 0. 77 15,000 bbl/day
) = 06%

6.4.3 Additional Recovery Systems (Scenario 3. Northstar, 7/10ths Ice, Freeze-up)

&+

Asinthe p}evious two freeze-up scenarios, the entire width of the thick slick can be encountered by |,

~ two containment and recovery systems. Any additional systems would be limited to chasing thin

sheens, or 011 lost from the first two systems due to ice-related mefﬁc:encxes, and would add little

to the overall effectlveness of the response.

LA
“

644 Dispersants‘_gnd Burning (Scenario 3. Northstar, 7/10ths Ice, Freezé-up)

I3 ¥ -~

i

. Dispersant use does not make sense in this scenario, mostly because there is not enough mixing

energy available to promote dispersion of the treated oil into the water. .

Comideﬁng in situ burning, this scenario differs from the previous two in that a wake exists in the
lee of the island, into which much of the oil spray is falling. At the end of the wake, just before the
ice floes move back together, the thick slick is predicted to be 180 feet wide, 0.6 mm thick and

' 96-
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drifting at 0.7 knots. Although a containment and recovery system could not be deployed in the

‘wake, due to the potentlal exposure to oil mist concentrations in the plume, an i sztu burmng

operation could be mounted there that consists of 500 feet of fire boom held by two tugs usmg 350
feet of rope each. This would place the tugs 200 feet from the plume centerline (using a gap ratio of -

1:3), a distance sufficient at this location to reduce airbome oil mist concentrations to below the

target 5 mg/m>. A héliooptcr carrying a Heli-torch would support the burn operation.

The encounter rate of the ISB unit, deployed to encounter the entire width of the thick slick, is:

ISB encounter rate (max) = (180 feet) x (0.6 mm) x (0.7 knots) = 267 bbl/hr
Unlike the containment and r'eco\}éry systém, the ISB system is envisioned as being used in a "batch”
mode. In the eight hours of daylight available in this scenario the system would collect oil
continuously for 7 hours (capturing some 1869 bbl of oil, enough to cover only the back 1i3 of the’

pocket 6f the boom) then maneuver sideways and remove the oil with one burn at the end of the day.

. It is potentially slightly more efficient to collect and burn simultaneously. However, the oil slick

thicknesses emanating from the source would be c_loée to the minimum ignitablé for weathered crude
(ca. 2 mm) meaning there would be a risk of the fire bumning back to the spill source.

-

. 'The estimated daily recovery rate for this ISB operation is 1869 bbl. . ‘ .

i
¥
v

The weathered oil on the ice floes is too thin to ignite.

A similar overall reduction in in situ burning effectiveness to that determined above for mechanical

containment and recovery, can be estimated using the same response time a.nd env1ronmental factors

" as for mechanical containment and recovery. For ISB operations the addmonal factor of the

pcrcentagc of time that winds are less than 20 knots (80%) is also taken into account. The estimate

_ of ISB effectiveness for the 15-day period, expressed as a percentage of the total blowout flow:

i

. Oil volume removed by ISB = 1869 bblldayl x 0.83 x 0.77 x 0.80 + 15,000 bbl/day = 6.4 %

- 97
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6.5 Scenario 4. Pt. McIntyre in 3/ 10ths Ice Cover During Break-up

6.5.1 Blowout/Spill Behavior (Scenario 4. Pt. Mclntyi'e, 3/10ths Ice, Break-up)

[
yt ’

An uncontrolled blowout oocurs in mid July at the Pt. Mclntyre drill'l site releasing 12,000 barrels
of oil per day (BOPD) and 9 x 10° standard cubrc feet (scf) of natural gas per day (a Gas-to-Orl Ratio
[GOR] of 750 scf/obl). Over the first 72 hours of the incident, the air temperature ranges from a
nighttime low of 35 °F to a daytime hlgh of 45 °F. The wind speed averages 11 knots from the west.
The water to the east of the causeway is covered by 3/10ths melting ice floes. The ice is 3 to 4 feet
thick and its surface is 40% to 50 % covered by melt ponds. The floes are fifty to five hundred feet
in size. The ice is drifting at the same speed as the water (both wind-driven at 3% of the wind speed)

. at 0.3 knots to the east. These conditions do not change over the time period of the scenario; as well,

the ice concentrations do not change as it drifts away from the spill site (i.e., no convergence or

13

o

divergence of the peck).
As the oil and gas exits the 4-if1ch inside diameter tubing at the wellhead the high velocity of the gas
atomizes the liquid oil. The gas and oil droplets pass throﬁgh the derrick or machinery spaces and
the droplets agglomerate. The kinetic energy of the gas jet from the wellhead carries the droplets to
a height of 70 feet above the release point. From this point the oil droplets begin to fall as they are

H

carried downwind by the wind.

In this soenario, the slick is 100 feet wide and 1 7 mm thick at the starting point of the surface slick
modeling. Thrs isata dtsﬁnce of some 500 feet downwmd of the blowout. At this point, the oil slick -
is assumed to be evaporated to 20% loss. < ' * )
For the purposes of this scenario, it is estimated that 70% of the oil soray lands on water and 30%
lands on the ice surface. The spray | that lands on ice floes coats the surface and is slowly flushed by

- melt water into the melt pools on the floes. The range of oil thrcknesses initially deposited on the .

floe surfaces ranges from 3 mm near the center-lme of the oiled stnp to 0.01 mm at the edges. The

98-
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 flushing process results in wind-herded oil thicknesses on the melt pools of 10 mm, The oil covers
up to 60% of the surface area of the melt pools; the largest slicks are on floes near the center-line of
the oiled strip. This oil will evaporate at a rate negligibly different from the oil that falls on the -
v;ratcr, reaching a total gvaporative loss of !22% after 72 hours.

Table 6-11 summarizes the predictcd characteristicé of the thick slick over a time period of 72 hours.
The oil that forms the thick slick on the water has a viscosity of 25,000 cP and a Pour Point of 68
°F at the point where the on-water modeling is started. As such, the ol slick does not spread on
water. For the duration of the scenario (72 hours) the slick moves with the oiled ice ﬂo;-,s and does
m:’t spread further, although the thick slick may meander among the widely-separated floes in the
_pack ice field due to oceanic eddies or large-scale turbulence.
The presence of ice ,dampcns the wave action th;lt would normally exist with an 11 knot wind and
reducés natural dispersion of the oil slick c&mpared with open water conditions. The slick is'
.predicted to begin to form a water-in-oil emulsion immediately after the oil had been deposited on .
the water surface. If emulsification rates are the same in loose pack ice as in open water under
identical winds, the slick would be fully emulsified (75% water content by volume) after12 hours
on the water, By this timg the slick thickness has increased proportionately to the volume of water

in the emulsion, reaching about 7 mm for the 75% water emulsion.

f

1

The oil skick continues to evaporate and naturally disperse slowly tiuoughout the 72 hour scenario.

- Itloses 21% of its volume to evaporation and an hd@ﬁonal 0.01% to dispersion after 24 hours; 21%

to evaporation and 0.06 % to dispersion after 48 hours; and, 22% to evaporation and 0.15% to
natural dispersion after 72 hours. The viscosity of the emulsion increases to 1,000,000 cP after 24
hours; 1,100,000 cP at 48 hours and 1,290,000 cP at 72 hours. The Pour Point of the oil after 72
hours has increased to 71 °F. ’

At the end of the 72 hour scenario period, 39% (;f the oil released at the bcéinning of the scenario
still remains in thick slicks on the water surface betwcel{ ﬂocsvan'd 21% on the surface of ice floes.
The ;;ﬂed area is a long (24 nautical miles), narrow (100 feet) strip that ‘contains 7 mm thick

4
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emulsified oil slicks on the water be;ween floes. The ice floes that were sprayed with oil as they
passed under the blowout plume contain melt pools with 10 mm thick slicks of oil covering up to
60% of the pool’s surface. The lz{rger pools of oil are on the ﬂoee near the oenter;line' of the oiled
strip. (Note that for the purposes of these scenarios, barriers to spill movement such as the Endicott
causeway were ignored. The mam objective of the scenarios was to address the countermeasures
capability which is largely focused on near-source slick behavior and response.)

Ulnmately, the rottmg ice will release any oil still remaining in the form of thm sheens trailing the
drifing floes. ’ . , . v

S

. TABLE 6-11
Summary of Slick Characteristics from a Blowout During Break-up at Pt. Mclntyre in
3/ lOths Ice Cover over 72 Hours

Time Thick oil lefton | Emulsification Slick " | Thick slick | Thick slick
() . | water(%oftotal | (% watervol) | viscosity thickness | ~ width
released) ' ‘ (cP @ 30 °F) (mm) (ft)
Initial . 31 0 . 25000 2.1 100
3 . © 31 55 ‘| 200000 42 100
6 31 69 600000 62 100
12 31 . .74 1000000 74 100
24 31 75 1000000 74 100
48 - 31 75 1100000 74 100
72 30 75 1200000 7.4 100

. 6.5.2 Existing Methods (Scenario 4. Pt. McIntyre, 3/10ths Ice, Break-up)

The response approach here is essentially the same as in the previous freeze-up scenarios: using one
or two barge-based containment and recovery systems to encounter the entire thick portion of the

slick. The key differences in the breakup scenarios are the following:

-100-
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- Compared with the freeze-up scenarios there is a wider variety and greater number of marine

systems that can be moblhzed for the Tesponse. As well, initial moblhzanon should be much
faster, with equlpmcnt on site within 12 hours as opposed to the 60 to 72 hours estimated for

mobilization and transit for the frecze—up scenarios. . .

. t

- At this time of year there are 24 hours of daylight, which should allow effective containment

and recovery operations during "night-time".

fox

- In the previous scenarios, although the systems could encounter all of the thick slick, a

signiﬁc:ant portion of the oil was lost due to inefficiencies associated with booming
operations among broken ice. Some of these inefficiencies can still be expected in the break-
up scenarios, but unliké the freeze-up smnﬁos,' there may be significant benefits to using
- additional systems to attempt to contain and recover oil that is missed the first time. The
prime difference here is the(24~hours of daylight and the resulting incrc& in per-system

- effectiveness. . o

¢

As in the freeze-up soenanos, the relatlvcly narrow shck of thick oil means it can be enoountered in
, its entirety by two containment and recovery systems For the moment the evaluanon will consxder
- two systems operating at a fixed location down drift of the blowout site, with the potential 5
effecnvcness of additional systems analyzed latcr. The following summarizes the major pieces of

equipment that could be mobilized in response to this scenario.
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Key Equipment for Containment and Recovery in Scenario 4

TABLE 6-12

Equipment Type

Examples

. Function

Barges

Endeavor
Beaufort 20
BG 210/211/213

working platform and storage for
skimming operation

Tugs

1
r

Pt. Barrow
Pt. Thompson
Arctic Tern
Sag Rwver
Toolik River
Kavik Riwver

tow equipment to site and position
on-scene

k]

- +

Otl}er boats -

42' work boats (2#)
Northstar a
38-55" work boats - jet drive (5#)

boom handling and deployment

Containment boomn

Ro-Boom 36x43

concentrate oil for recovery

Skimmers

T O oo oo O coOoDy Do 0oy &

Transrec 250
LORI

Desmi Ocean
Desmi Harbor

oil recovery

will haye to be taken into account in the calculations. For a containment system positioned
downstream of a blowout, the encounter rate is calculated by muluplymg the encounter width of the
system by the slick thickness and the slick drift rate of 0.3 knots. In addition to this one must account

" forthe fact that, on average, 30% of the slick width would be covered by ice. Thus the encounter rate
for 011 on water and available for recovery would be reduced by 30%. So, for each oontamment \
system employmg 150 feet of boom, the encounter rate is:

4

-102-

" ‘The slick conditions of interest are those esﬁI;lat;d for 3 hours down drift of the blowout. This
corresponds to a distance of about 5500 feet, whxch is Judgcd to be a safe operating distance based
on hydrocarbon-m—alr oonocntranons At this point the thlck slick is 100 feet wide and averages 4.2
mm thick. Unlike the previous scenarios and because of the different oil, it is predicted that the oil
will bc somewhat emulsified at this point and contain 55% water. This emulsified water, therefore,
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encounter rate = * (150 feet x 0.33 gap ratio) x 4.2 mm x 0.3 knots x (1 - 30% ice)
156 bbl/hour '  (emulsion)
70bbbhour (ol only)

I

+

Both the emulsion encounter rate and the "oil o:;ly': encounter rate must be considered: the first is
of concern when taking into account the derated recovery rate of the skimmer and when calculating
the total fluid volumes; the latter is of concern when calculating the actual amount of oil recovered.
The cmulsior; encounter rate is within the derated recovery rate of several of the offsho}e skimmers
that coul;l be used; therefore, the encounter rate will be the limiting factor and will be used in
subsequent calculations. Using this as the recovery ratE, and using the guideline of 20% oil recovery
efficiency (the actual emulsification of 55% water-in-oil emulsion in storage 1s used instead of the

40% guidelirie used in other scenarios), the total fluid recovery rate can be estimated as shown in the

table below:
_ TABLE 6-13 ,,
Fluid Recovery Rates for Scenario4
Fluid | ” Calculation ’ Recovery rate

emulsion .| lesser of system encounter rate and derated recovery rate | 156 bbl/hr

oil oil content in emulsion = 45% - 70 bbl/hr

free water oil content in recovered fluid (recovery efficiency) = 20% | 624 bbV/hr
emulsified water | emulsified water content in recovered fluid = 55% 86 bbl/hr -
total fluids emulsion + free water 780 bbl/hr

) -
~

1

As in the previous scenarios, there will be inefficiencies when operating containment and recovery
equipment among broken ice. These inefficiencies will be due to having to reposition containment .
boom to avoid large ice features and to rid the contained area of accumulations of small ﬂoe§. As

described previously, this oontaiqment efficiency is estimated to be 70% for the 30% ice |

-103-
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concentranon, that is, due to interruptions related to the broken ice the oontamment operation is
effective for 70% of the time. ) 1

The total 011 emulsion, and free water that could be recovered per unit txme period are then estimated
based on the above figures. The table below shows the estimated fluid volumes per day, which are
. calculated by combmmg the hourly rates, the 70% encounter efficiency, and the 24 hours of daylight

+

available at this time of year.
| TABLE 6-14
Estlmate of Recovered Fluids per 24-hr Time Period for Scenario 4 f

,.item - Calculation Bl Volume
total fluids per 24 hours 780bbl x 24 hoursx 70% ' 113,104 bbl
total free water 624 bbl/hr x 24 hours x 70% ' 110,483 bbl ¢
volume that can be decanted ~ | total free water x 80% 8387 bbl
total fluids stored per 24 hours | total fluids less decant ‘" ' 4717 bbl
oil - " | 70 bbl/hr x 24 hours x 70% 1176 bbl
emulsified water 86 bbl/hr x 24 hours x 70% 1442 bbl
free water "1 total free water x 20% 2096 bbl

¥

. The above calculations were for one system. As there is adequ)ateequipment and marine support to
provide for two systerﬁs, the above estimates per system can be multiplied by two, resulting in the
following estimates of oil and fluid recovery per 24-hours period.

r
H

Estimate of Fluids Recovered by Two Systems per 24-hr Period

total oil recovered ‘ , 2352 bbl
total fluid recovered . 9434 bbl
'104' - T
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- The potential effectlveness of an additional system is now evaluated for thxs scenario. Attemptmg

to recover oil out31de the "thick slick™ would be rclatwcly mcffectlvc As dlscussed prevmusly, the
oil thlckness out31de the thick stick is estimated to be 35 pm, or 0.035 mm, oorrespondmg toan ,

" encounter rate of only 6 bbl/hr, Additional systems could be considered to attempt to recover oil

from the thick slick that is missed by the first two systems: although the two systems encounter all’
of the thick slick, they lose an estimated 30% of it due to inefficiencies associated with the ice

condtions. 4 , : ’ v

The amount of oil remaining on the water is estimated by subtracting the amount recovered by the

first two systems ‘frofn the original slick. -

Al

1

original slick volume/hour 4.2 mm x 100 feet x 0.3 knots x (1 - 30%) - 313 bbl/hr
(on water) .

equiv. thickness of remaining | 95 bbl/hr + (100 feet x (1 - 30%)) + 0.3 knots | 1.27 mm -
emulsion slick i : - C

¢

T Itis aclmowledécd that the remaining emulsi!on would not be a continuous slick of constant

thickness, but the for the purpose here of estlmatmg the average encounter rate of a contamment
system over a 24-hour period, the discontinuities will tend to average out over time. Following the
same calculation procedure as for the first two systems, but using a wider swath width of 100 feet
to compcnsatc for the thinner slick, a third system oould recover an additional 739 bbl of 011 and
2933 bbl of total fluids. Similarly, reducmg the slick by the amount recovered and applymg a fourth

- system, an additional 218 bbl of oil and 877.bbl of total fluid can be recovered. After this,

effectiveness drops rapidly, with daily recovered volumes of about 1% of the spill rate. In all, _
applying four systems to fight the spill in this scenario, the following are the estimated volumes of
recovered oil and total fluids. . S . L

~

-

-105-
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Estimate of Fluids Recovered By Four Systems per 24-hr Period
total oil recovered : : 3309 bbl
" | total fluid recovered * 13,244 bbl

- H

_ Predicted Effectiveness of Existing Mechanical Systems in Recovering 15-Day Discharge

: .

This final step in this section is to use the above calculations to assess the effectiveness of existing

. systems to deal with the total volume of oil discharged over the 15-day blowout period. The

assessment ixicludes the effects of response-time delays, and the environmental derating factors of

visibility, VFR flying conditions, and wave heights. The response time for the break-up scenarios
is estimated to be 12 hours, so for the 15-da): period tpe effect is to reduce effectiveness by 3% ((15 -
15) + 15 = 0.97). As discussed in Chapter 5, the combination of the three environmental factors are
such that, on 'average, mechanical containment and recovery will be effective 66% of the time. The
following is the estimate of effectiveness for the lS-day period, expressed as a percentage of the total

, blowout flow:

i{ecovend oil volume= ° 3309 bbl/day x 0.97 x/0.66 + 12,000 bbl/day
\ = - 18%

Y

"

. 6.5.3 Additional Systems (Scepario 4. Pt. McIntyre, 3/10th§ Ice, Break-up)

The above analysis described the potential cffectiveness for two containment and recovery systems
that could encounter the entire width of the thick slick, as well as two additional 'systems to

‘ sequentihlly recover oil missed due to inefficiencies associated with ice conditions. Any additional

systems would be limited to chasing thin sheens outside the area of thick oil, or attempting to recover
oil missed by the first four systems. In either case, the encounter rate for these additional systems
would be less than 10 bbl/hout, and the daily recovery volume would be less than 1% of the clailyr

blowout volume.
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6.5.4 Dispersant-Use and Burning (Scenario 4. Pt. McIntyre, 3/10ths Ice, Break-up)

#

Dispersant Use. The strategies and good oppo&uﬁﬁes for using dispersants on this spill in 3/10ths
" jce would be similar to those discussed for the 3/10th ice freeze-up situation at Northstar (Scenario

1) except for one problem - the very high viscosity of the oil. After just a few hours on the water the

oil is predicted to have a viscosity of over IO0,000 cP. This is well beyond the viscosity limitations

" of even the most effective dispersant products today. If another production area involving a less

viscous oil had been chosen for this spring break-up scenario, the dispersant results would have been
similar and even better than to those calculated in Scenario 1. A springtime dispersant operation
would likely be far more successful than an operation during freeze-up because the oil is not

contaminated with slush ice, the air temperatures are higher, and, of greatest importance, there are

24 hours of daylight in which to conduct operations.

In situ Burning. At the safe distance for operations downwiand of this blowout, the thick slick has
emulsified to 55% water content. This prevents ignition. The use of "emulsion breaking" chemicals
to promote ignition will not work with Pt. Mclntyre crude oil that is weaghereii to this extent.
Ignition of the thick slick among the floes before it emulsifies is not reccommended; the average slick
thickness is greater than the minimum ignitable thickness for weathered oil on water and the fire

* . could spread, uncontrolled, over the entire thick slick and back to the spill source.

The 611 that falls on the ice floes in this scenario is ideal for in situ burning operations. After
.allowing the surface oil to c;)nccntrate in melt pools, about 60% of the surface area of the pools
would be covered with 10 mm-thick oil. Taking iﬁto account an average oil—removal-bfbuming
efficiency of 80% and conservatively estimating that only oil in melt pools greater than 50 ft* (90%
of the total) would be ignited by Heli-torch operations results in an overall oil remo’va} by burning
of : ) ’

-
ks

daily oil removed from floes by burning = (12,000 bbl) x (21% on ice) x 80% x 90% = 1815 bbl

h 5
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A similar overall reduction in ‘on-water in situ bﬁming effectiveness to that determined above for
mechanical containment and recovery, can be ‘estimated using the same response ume and
envuonmental factors as for mechamwl containment and recovery. ForISB operations the addltlonal
factor of the percentage of tlme’that winds are less than 20 knots (95%) is also taken into account.
The estimate of 1ISB effectiveness for the 15-day period, expressed as a percentage of the total

.

blbwout fiow:

Oil removed from waterby ISB - = 0 bbl/day x 0.97 x 0.66 x 0. 95 + 12,000 bbl/day
=0%

. The ISB operations targeting the oil on ice floes would continue until all the available ol had been
ignited. Delays in operations due to response time and environmental factors would not affect the

overall removal effectiveness. The estimate of on-ice ISB effectiveness for the 15-day period,

expressed as a percentage of the total blowout flow reduced to account for evaporative losses is:

H

" Oil volume removed from ice by ISB= 1815 bbl/day + 12,000 bbl/day
| = 15% ’

The total oil removed by ISB operations both on water and ice is:

1!

0% +15%

Total oil removed by ISB operations ‘
| 15%

v

v -108-
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6.6 Scenario 5. Pt. Mclntyre in 5/10ths Ice Cover During Break-up

t
l

i}

6.6.1 Blowout/Spill Behavior (Scenario 5. Pt. Mclntire, “snom Ice, Break-up)

kY
&

An uncontrolled blowout occurs in carly Jufy at the Pt. Mclntyreﬂdrill site reieasing 12,060 barrels
of oil per day (BOPD) and 9 x 10° standard cubic feet (scf) of natural gas per day (a Gas-to-Oil Ratio
[GOR] of 750 scf/bbl). Over the first 72 hours of the incident, the air temperature ranges from a |
nighttime low of 34 °F to a daytime high of 45 °F. The wind speed averages 9 knots from the NW.
The water to the east of the causeway is covered by’5/10ths melting iqe floes. The ice is 3 to 4 feet
thick and its surface is 40% to 50 % covered by’ melt ponds. The floes are fifty to five hundred feet

- insize. The ice is drifting at the same speed as the water (both wind-driven at 3% of the wind speed)

at 0.3 knots to the SE. These conditions do not change over the time period of the scenario; as well,

the ice concentrations do not change as it drifts away from the spill site (i.e., no convergence or

divergence of the pack). .
As the oil and gas exits the 4-inch inside diameter tubing at the wellhead the high velocity of the gas

. atomizes the liquid oil. The gas and oil droplets pass through the derrick or machinery spaces and -
the droplets agglomerate. The kinetic energy of the gas jet from the wellhead carries tl;e dropletsto |
a height of 80 feet above the release point. From this point the oil droplets begin to fall as they are
carried downwind by the wind. ' ~
In this scenario, the slick is 100 feet wide and 2.1 mm thick at the starﬁr;g point of the surface slick
modeling. This is at a distance of some 500 feet downwind of the blowout. At this point, the oil slick

4

is assumed to be evaporated to 20% loss.
For the purpbses of this scenario, it is estimated that 50% of the oil spray lands on water and 50%
lands on the ice surface. The spray that lands on ice floes coats the surface and is slowly flushed by
- melt water into the melt pools on the floes. The range of oil thicknesses initially deposited on the
floe surfaces ranges; from 3.7 mm near the center-line of the oiled strip to 0.01 mm at the edges. The

1

-]09:
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flushing process results in wind-herded oil thicknesses on the melt pools of 10 mm The oil covers
up to 75% of the surface area of the melt pools; the largest slicks are on floes near the oeuter-line of
the oiled strip. This oil will evaporate at a rate negligibly different from the oil that falls on the
water, reaehing a total evaporative loss of 22% after 72 hours. 1 I

PR
i
"
¥

Table 6-14 summanzes the predicted charactenstlcs of the thick slick over a time period of 72 hours.
The oil that forms the thick slick on the water has a vmcosny of 25,000 cP and a Pour Point of 68

- °F at the point where the on-water modeling is started. As such, the oil slick does not spread on
- water. For the duration of the scenario (72 hours) the slick moves with the oiled ice floes and does ‘
not spread further, although the thick slick may meander somewhat in the pack ice field due o .

oceanic eddies or large-scale turbulence

1

The presenee' of ice inhibits the wave action that would normullj exist with a 9 knot wind and

suppresses natural dispersion of the oil slick. The jce also suppresses the formation of a water-in-oil

1

¢
- +

emulsion.

T

The thick oil slick continues to evaporate slowly throughout the 72 hour scenario. It loses 20% of

its volume to evaporation after 24 hours; 21% after 48 hours; and, 21% after 72 hours. The viscosity
of the unemulsified oil increases to 27,000 cP after 24 hours; 28,000 cP after 48 hours; and, 30,000

" ¢P at 72 hours ThelPour Point of the oil after 72 hours has increased to 70 °F.

At the end of the 72 hour scenario period 22% of tue oil released at the beginning of the scenario still
remains in thick slicks on the water surface between floes and 35% on the surface of ice floes. The
oiled area is a long (19 nautical miles), narrow (100 feet) strip that contains 2.1 mm thick

- unemulsified oil slicks on the water between floes. The ice floes that were sprayed with oil as they

passed under the blowout plume contain melt pools with 10 mm thick slicks of oil covering up to
75% of the pool’s surface. The larger pools of oﬂ are on the floes near the center-line of the oiled
strip. ' b - -
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Ultimately, the rotting ice w_ill release an} oil still remaininé in the form of thin sheens trailing the

- drifting floes.

™

TABLE 6-14
Summary of slick characteristlcs from a blowout during break-up at Pt. McIntyre in
5/10ths ice cover over 72 hours

t

Time Thick oil lefton | Emulsification Slick . | Thickslick | Thick slick
‘(h) water (% of total | (% water vol.) viscosity thickness |  width
released) . (P@30°F) | (mm) © ()
Initial | = 22 0 25000 2.1 100
3 22 ‘ 0 26000 2.1 100
6 l 22 0 26000 21 . 100
12 22 0 26000 2.1 100
24 22 0 27000 b2l 100 .
48 22 0 28000 2.1 100
72 * 22 0 30000 2.1 100

r

6.6.2 Existing Methods (Scenario 5. Pt. McIntyre, 5/10ths Ice, Break-up)

As in the previous break-up scenario, the relaitively narrow slick of thick oil means it can be
encountered in its entirety by one or two containment and recovery systems. For the moment the
evaluation will consider one system Operaung ata fixed location down dnft of the blowout snc with
the potential effectiveness of additional systems analyzed later.

4

-

" The slick conditions of interest are similar to the previous break-up scenario except that the oil does

not emulsify due to the dampening effect on the wave energy of the higher ice concentration, At a
. point 3 hours down drift of the blowout, the thick slick is 100 feet wide and averages 2.1 mm thick.
Combining this with the drift rate of 0.3 knots and accounting for the ice concentratmn of 50%, the
encounter rate for oil on water and available for recovery is estimated as: ‘ |

¢ i
1

a- -



-

e B o B st B s TR ons T s Y e TR e TR e T e 00 e TN e T et IR e T s N e OO ot TR |

-

encounter rate

112 bbl/hour

(300 feet x 0.33 gap ratio) x 2.1 mm x 0.3 l;nots x(1-50% ice)“

This encounter rate is less than the derated recovery rate of several of the offshore skimmers that

‘could be used, 5o the encounter rate is the limiting factor and is used in the calculatxons of recovery

effectiveness. Following the same calculation procedure and guidelines for oil recovery efficiency,

the total fluid recovery rate can be estimated as shown below:

- TABLEG-15
Fluid Recovery Rates for Scenario 5
Fluid Calculation Recovery rate
oil lesser of system encounter rate and derated recovery rate 112 bbl/hr
total water oil content in recovered fluid (recovery efficiency) = 20% . 4;48 bbl/hr
emulsified water | emulsified water content in recovered fluid = 40% 75 bbl/hr
+ | free water total water less emulsified water i 373 bbl/hr
total fluids ' | oil + emulsified water + free water 560 bbl/hr

-

- ks

Compared with the previous break-up scenario, the main difference here is the greater ice

- : . I
concentration and its effect on containment efficiency. For the 50% ice condition, the%oontainment

efficiency is assumed to be 40%; that is, the containment operation is effective for 40% of the time

accounting for interruptions related to clearing ice from the containment and rcpoisitioning the
~ f

system when avoiding large floes. Given the 24-hours of daylight at this time of year, the total fluid

volumes per day are calculated in the following table, oombmmg the hourly rates imd the 40%

“ encounter efﬁcwncy Lo -

-112-
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TABLE 6-16 .

"Estimate of Recovered Fluids per 24-hr Time Period

£33 3

E DO OO O Do Cca e e

. Item Calculation Volume
total fluids per 24 hours 560 bbl/hr x 24 hours x 40% 5376 bbl
total free water 373 bbl/hr x 24 hours x 40% 3581 bbl
volume that can be decanted . }total free water x 80% 2865 bbl
total fluids stored per 24 hours total fluids less decant 2511 bbl .
oil 112 bbl/hr x 24 hours x 40% 1075 bbl
emulsified water 75 bbl/hr x 24 hours x 40% 720bbl
free water . ! total free water x 20% "~ 716 bbl

1

The above calculations were for one system which could enoounfer the entire width of the thick

slick. As in the previous break-up scenario, additional systems could be used to attempt to recover
oil from the thick slick that is mlssed by the first system. The target for the additional systems is the

oil that escapes contamment due to inefficiencies associated with the ice conditions, assumed to be

60% for the 50% ice condition. Using the same calculation procedure as in the previous break-up

scenario, ‘a total of three additional systems are considered in sequence. For each system, the

encounter rate is estimated by subtracting the oil recovered by the pre\;ious system and estimating

an equivalent average oil thickness. The following table summarizes those calculations.

H

Estimate of Slick Conditions and Fluid Recovery for Four Systems Operated Sequentially
-System Encounter Encounter Oil recovered Total fluid
thickness rate per 24 hours per 24 hours

- # 2.1 mm , 112 bbl/hr 1075 bbl 2511 bbl
#2 " 126 mm - 67 bbl/hr . 643 bbl 1503 bbl

#3 0.76 mm 40bbl/hr 384 bbl 899 bbl

#4 0.46 mm 24 bbl/hr ~ 230 bbl 538 bbl
total - - 2332 bbl 5451 bbl

: -
= | -113-
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' Predicted Effectiveness of Existing Mechanical Systems in Récovering 15-Day Discharge

-

The final step in this section is to use the above calculations to assess the effectiveness of existing
systenis to deal with the total volume of ‘oil discharged over the 15-day blowout period. The
assessment includes the effects of response-time delays, and the environmental derating factors of
visibility, VFR i‘lying conditions, and wave heights. As for all the break-up scenarios, the reséonse
time is estimated to be 12 hours, so for the 15-day period the effect is to reduce effectiveness by 3%
((15 - %) + 15 = 0.97). Also for all break-up scenarios, the combination of the three environmental
factors are such that, on a\;erage, meéhanical containment and recovery will be effective 66% of the
time. 'i‘he following is the'estigxate of effectiveness for the 15-day period, expressed as a percentage
of the total blowout flow: ‘ *
Recovered oil volume = 2332 bbl/day x 0.97 x 0.6 + 12,000 bbl/day
= 12% -

%

¥

6.6.3 Additional Systems (Scenario 5. Pt. McIntyre, 5/10ths Ice, Break-up)

t

The above analysis described the potential effectiveness for four containment and‘reoovery systems.

. Although one system can encounter the entire width of the thick slick, it is assumed that a substantial

amount of oil is lost due to having to maneuver around ice floes and clear smaller ice from the
containment configuration. Three additional systems were then analyzed for their ability to
scquentiélly recover oil missed due to these inefficiencies. Any additional systems would be limited
to chasing thin sheens outside the a;ea of thick oil, or attetﬁptiné to recover oil missed by the firs:t
four systems. In either case, the daily recovery volume would be less than 1% or less of the daily
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6.6.4 Dispersant-Use and Burning (Scenario 5. Pt. McIntyre, 5/10ths Ice, Break-up)

-

Dispersant Use, As mentioned in Scenario 4 this spill becomes too viscous too soon to consider

k using chemical dispersants.

'In situ Burning. As discussed in the mechanical recovery analysis above, most of the thick slick

) em\anating from the blowout can be dealt with by the containment and recovery operation. However,

a description and assessment of an on-water in situ burning operation is given below for illustrative

purposes. Burning of the oil that lands on ice floes is also discussed. 1 ‘

The requirements for i situ burning in this scenario would be 300 feet of fire boom and two tugé
Ahelicopter carrymg a Heh-torch would support the bumn operation. The encounter rate of each burn

unit for this scenario is the same as for the recovery unit at: ,

" ISB encounter rate (max) = (300 feetx 0.33 gap) x 2.1 mm x 0.3 knots x (i - 50% ice)
| . = 112bbl/hr - .

-~

H
3
K

- Again, the ISB sysiem would be used in a "batch" mode. Oil is collected in the back of the boom for

a certain period of time, then the system is moved away from the heavy concentrations of oil and the
accumulated oil is burned off. It is assumed that the thick slick is encountered and collected for 50%
of the time, and the remainder of the time is spent burning off the accumulated oil and maneuvering
the unit back into the thick oil slick. Tlus equates, over a 24-hour day, to collecting oil for 12 hours
and buming and maneuvering for 12 hours. Each individual bumn would take about 1.2 hours from
xgmtlon to extinction. Twice each day, the section of fire boom would have to be replaced. It is
potentially twice as efficient to collect and bumn simultaneously; however, because the average oil
slick thickness ema?aﬁné from the source equals the minimum ignitable for weathered crude (ca.
2 mm) th;:rc would be a danger of the fire burning back} to the spill source.

The estunated daﬂy removal rate for one ISB unit is thus: ,
ISB unit daily removal rate from the water surfaoe = (112 bbl/hr x24 hr) x 0.5 = 1344 bbl -
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If two units were deployed to encounter the éntirc thick slick available the total daily ISB re;noval

rate from water would be 2688 bbl. This is slightly higher than the case of contamment and recovery

because 1t is envisioned that burning, then maneuvering the ISB umt back into the thick oil will take
- less time than for the conventional boom and skimmer system. )

The oil that falls on the ice floes in this scenano is ideal for in situ burning operations. After

allowmg the surface oil to concentrate in melt pools, about 75% of the surface area of the pools

would be covered with 10 mm-thick oil. Taking into account an average oil-removal-by-burmning

effimency of 80% and conservatwely estimating that only oil in melt pools greater than 50 £t (90%

g N o BN v TR s N moee NN e N woe

of the total) would be ignited by Heli-torch operations results in an overall oil removal by burning

of:

{.——-'
-
-

daily oil removed from floes by buming = 12,000 bbl x 35% oniice x 80% x 90%
‘ = 3024 bbl '

A similar overall reduction in on-water in sifu burning effégtivencss to that determined above for
- mechanical coﬁtainment and recovery, can be csti;nated using the same response time and
environmental factors as for mechanical containment and reooverf. ForISB operations the additional
factor of the percentage of time that winds are less than 20 knots (95%) is also taken into account.
The estimate of ISB effectiveness for the 15-day period, exprgssed as a percentage of the total

blowout flow: . ;

Oil removed from waterbyISB ' = 2688 bbl/day x 0.97 x 0.66 x 0.95 + 12,000 bbl/day
\ =14 % )

A6

Al

-
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The ISB operations targeting the oil on ice floes would continue until ail the available oil had been
ignited. Delays in operations due to response time and environmental factors would not affect the

overall removal effectiveness. The estimate of on-ice ISB effectiveness for the 15-day period,

expressed as a percentage of the total blowout flow:

Oil volume removed from ice by ISB= . 3024 bbl/day + 12,000 bbf/day
’ = " 25%

¥
"

_The total oil removed by ISB operations both on water and ice is: '

14 % + 25 %
39 %

Total oil removed by ISB operations
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6.7 Scenario 6. Pt. McIntyre in 7/10ths Ice Cove:: During Break-up :

.6.7.1 BlowoutlSpill Behavior (Scenario 6. Pt. McIntyrez 7/10ths Ice, Break-up)

3

An unoontrollcd blowout occurs in early July at thc Pt. Mclntyre drill site releasing 12,000 barrels
of oil per day (BOPD) and 9x 10¢ standard cubic feet (scf) of natural gas per day (a Gas-to-Oil Ratio
[GOR] of 750 scf/bbl). Over the first 72 hours of the 1nc1dent, the air temperature ranges from a
nighttime low of 34 °Ftoa daytime high of 44 °F. The wind speed a\;erégcs 17.5 knots from the SW.
The water to the east of the causeway is covered by 7/10ths meltmg ice floes. The i ice is 3 to 4 feet
thick and 1ts surface is 40% to 50 % covered by melt ponds. The floes are fifty to five hundred feet
in size. The ice is drifting at the same §pecd as the water (both wind-driven at 3% of the wind speed)

at 0.5 knots to the NE. These conditions do not change over the time period of the scenario; as well,

the ice concentrations do not change as it drifts away from the spill site (i.e., no convergence or

¥

_ divergence of the pack). , : e

As the oil and gas exits the 4-inch inside diameter tubing at the wellhead the high velocity of the gas
atornizes the liquid oil. The gas and oil droplets pass through the derrick or machinery spaces and
agglomerate. The kinc}ic energy of the gas jet from the wellfxead carries the droplets to a height of
40 feet above the release point. From this point the oil droplets begin to fall as they are carried
downwind by the wind.

T

- In this scenario, the thick slick is 100 feet wide and 1.1 mm thick at the starting pbint of the surface

slick modclmg This is at a distance of some 500 feet downmnd of the blowout. At this point, the
oil slick is assumed to be evaporatcd to 20% loss. )

For the purposes of this scenario, it is estimated that 30% of the oil spray lands on water and 70%
Iands on the ice surface. The spray that lands on ice floes coats the surface and is slowly flushed by

. melt water into the melt pools on the floes. The range of oil thicknesses 1mnally deposited on the
" floe surfaces ranges from 1.9 mm near the center-line of the oiled strip to 0.006 mm at the edges. The
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flushing process results in wind-herded oil thicknesses on the melt pools of 10 mmi. The oil covers
up to 40% of the surface area of the melt pools; the largest slicks are on floes near the center-line of
the oiled strip. This o0il will evaporate at a rate negligibly different from the oil that falls on the

water, reaching a total evaporative loss of 22% after 72 hours.

Table 6-17 summarizes the predicted characteristics of the thick slick over a time period of 72 hours.
The oil that forms the thick slick on the water has a viscosity of 25,000 cP and a Pour Point of 68
°F at the point where the on-water modeling is started. As such, the oil slick does not ;pread on
water. For the duration of the scenario (7? hours) the slick moves with the oiled ice floes and does

not spread further, although the thick slick may meander somewhat in the pack ice field due to

oceanic eddies or large-scale turbulence. .

4

The presence of ice inhibits the wave action that would normally ex1st with a 17.5 knot wind and
suppresses natural dispersion of the oil sllck. The ice also suppresses the formation of a water-in-oil

T

emulsion. . : T

The thick oil slick continues to evaporéée slowly throughout the 72 hour scenario. It loses 21% of
its volume to evaporation after 24 hours; 22% after 48 hours; and, 22% after 72 hours. The viscosity
of the unemulsified oil increases to 29,000 cP after 24 hq_urs; 33,000 cP after 48 hours; and, 36,000

_cP at 72 hours. The Pour Point of the oil after 72 hours has increased to 73 °F.

At the end of the 72 hour scenario period, 12% of the oil released at the beginning of the scenario
still remains in thick slicks on the water surface between floes and 49% remains on the surface of
ice floes. The oiled area is along (38 nautical miles), narrow (100 fcct) strip that contains1 mm thick
.unemulsified oil slicks on the water between floes. The ice floes that were sprayed with oil as they
passed under the blowout plume contain melt pools with 10 mm tlnck slicks of oil covering up to
40% of the pool’s surfa;ce. The larger pools of oil are on the ﬂogs near the center-line of the oiled
strip. '



.

Ultimately, the rotting ice will release any oil still remaining in the form of thin sheens trailing the
drifting floes. ‘ "

TABLE 6-17

Summary of Slick Charactenstics from a Blowout During Break-up
at Pt. MclIntyre in 7/10ths Ice Cover over 72 Hours

Time Thick oil lefton | Emulsification Slick Thick slick | Thick slick
). water (% of total | (% water vol.) viscosity thickness width
released) (cP @ 30 °F) (mm) # -
Initial 12 0 . 25000 . 1.1 100
3 . 12 0 . 26000 11 - 100
6 12 ; 0, 26000 11 | 100
12 - 12 0 27000 1.1 100
24 12 0 29000 1.1 100
48 12 0 33000 1.1 100 ..
72 12 0 36000 © |+ 1.1 100

6.7.2 Existing Methods (Scenario 6. Pt. Mclntyre, 7/10ths Ice, Break-up)

Compared with the previous two scenarios during break-up, the greater ice com;entration in this
scenario limits the 'amount of oil on the water an;i available for contaimnent and recovery, as well
as severely limiting the applicability of containment and recovery countermcasures The slick
conditions are roughly the same as the other two break-up scenarios allowmg the same general
approach and equipment for containment and recovery. However, the encounter rate, when reduced
to account for the 70% ice coiwentration will be much less than the available skimming capacity.
Given the 100-foot slick w1dth, 1.1 mm slick thickness, and the 0.5 knot dnft results in an encounter
rate of only 59 bbl/hour.
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As well, the greater ice concentration drastically affects the oontainment efficiency. For the 70% ice
condition, the oontamment efficiency is estimated to be only 20%, that is, the oontamment operation
is effecnve for only 20% of the time due to interruptions related to cleanng ice from the containment
and repositioning the system when 'avmdmg large floes.

In all, ueing the same calculation procedure as in the first two break-up scenarios, only a small
fraction of the blowout volume could be expected to be recovered given the 70% ice concentrations.
The following is an estimate of the fluids recovered by a single containment and recovery system

3

in a 24-hour period. = ;

Estimate of Fluids Recovered by One System per
24-hour Time Period

24-hr period
total oil recovered 283 bbl
total fluid recovered . 660 bbl

v

As in the two other break-up scenanos, additional systems could be used to contain and recover

portions of the thick slick that escape containment. As noted above, the containment system is

_estimated to be effective only 20% of the time, so although all the slick can be encountered

theoretically, an estimated 80% is lost due to inefficiencies associated with the ice conditions.

_Following the same calculanon prooedure as in the other two break-up scenarios, a total of three

additional systems are consldemd in sequence. For each system, the encounter rate is esnmated by

* subtracting the oil reeovered by the previous system and estimating an equivalent average oil

thickness. The following table summarizes those calculations.

121



r r N | M C 1 Foorr iy - 151 I M ¥ ¥ L) O

¥

= TABLE 6-18 . ’
_Slick Conditions and Flmd Recovery for Four Systems Operated Sequentxally in Scenario 6

, System Encounter Encounter Qil recovered Total fluid
thickness ate per 24 hours per 24 hours |
#1 1.1 mm 59 bbl/hr - 283 bbl * 660 bbl
#2 0.88 mm 55 bbl/hr . 226 bbl 525 bbl
#3 - 0.70 mm 52 bbl/hr 178 bbl 416 bbl
) #4 056 mm . 48 bbl/hr 144 bbl 336 bbl
total - - '831bbl 1937 bbl

i

Unlike the previous two breakup scenanos, the oil recovered per system does not decline
substantially. This is re]z;ted to the very low effectiveness of each system due to inefficieneies
associated with the 70% ice concentration. Because each of the systems recovers only & fraction of
the available thick stick, the slick is essentially unchanged by each successive system. One might

- above recovers only about 1% of the blowout volume, and subsequent systems would accomplish

even less.

1
%

Predicted Effectiveness of Existing Mechanical Systems in lieeovering 15-Day Discharge .

3
|

. This final step in this section is to use the above calculations to assess the effectiveness of existing
systems to deal with the total volume of 011 dxscharged over the 15-day blowout period. The
assessment includes the effects of response-time delays, and the environmental derating factors of
visibilit}, VFR flying conditions, and wave heights. As for all the break-up scenarios, the response
time is estimated to be 12 hours, so for the 15-day period the effect is to reduce effectiveness by 3%
(ils - ¥3) + 15 = 0.97). Also for all break-up scenarios, the combination of the three environmental
factors are such that, on average, mechanical oontamment and recovery will be effective 66% of the

time. The following is the estimate of effectlveness for the 15-day period, expressed asa percentage
- of the total blowout flow: '

:,'122' P

be tempted to suggest adding even more systems, but it should be noted that the last of the four noted - .
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Recovered oil volume = 831 bbl/day x0.97x 0. 66 12, 000 bbl/day
= 44195

6.7.3 Additional Systems; (Scenario 6. Pt. Mclntyre: 7/10ths Ice, Break-up) ‘
The z;bove analysis describe;i the potential effectiveness for four containment énd recovery systems.
Although one system can encounter the entire width of the thick slick, it is assumed thata s;lbstantial
amount of oil is lost due to having to maneuver around ice floes and clear smaller ice from the
containment configuration. Three additional systems were then analyzed for their ability to
sequentially recover oil missed due to these inefficiencies. As noted above, any additional systems
would have a daily recovery volume of les§ than 1% or less of the daily blowout volume.

6.7.4 Dispersants and Burning (Scenario 6. Pt. McIntyre, 7/10ths Ice, Break-up)

The viscosity of the oil and the ice conditions are too formidable in this scenario to consider the use
of dispersants. '
If it were néoessary to implement in situ burning in this scenario 300 feet of fire boom and two
workboats would again be needed. A helicopter carrying a Heli-torch would support both the on-
water and ice floe burn operations. The encounter rate of each burn unit would be: "
ISB encounter rate (max) = (300 feet x 0.33 gap) x 1.1 mm x 0.5 knots x (1 - 70% ice)
’ = 59 bbl/hr

w
-

The ISB system, used in a "batch" mode, would encounter thick slick 50% of the time; the remainder
of the time would be spend burning off the accumulated oil and mﬁneuvering the unit back into the
thick oil. This eqt;atcs, over a 24-hour day, to collecting oil for 12 hours and burning and
maneuvering for 12 hours. Each individual bumn would take about 1.2 hours from ignition to
extinction. Twice each day, the section of fire boom would have to be replaced. Itis potentially twwe

as efficient to collect and burn simultaneously; however, because the average oil slick tlnckness

1
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emanating from the source is only one-half the minimum ignitable for weathered crude (ca. 2 mm)

there would be a danger of the fire burning back to the spill source.

The estimated daily removal rate for one ISB unit is thus: . .
ISB unit est. daily removal rate from the water surface = = 59 bbl/hrx 24 hr x 0.5
= 708 bbl

If two uni}s were deployed to encounter the entire thick slick availgble the total daify ISB removal

rate from water would be 1416 bbl. This is slightly higher than the case of containment and recovery
because it is ;nvisioned that bumning, then maneuvering the ISB unit back into the thick oil will take
less time than for the conventional boom and skimmer system. ‘

The oil that falls on the ice floes in this scenario is ideal for m situ burning operations. After
allowing the surface oil to ooncentra;te in melt pools, about 40% of the surface area of the pools
would be covered with 10 mm-thick oil. Taking into account an average oil-removal-by-burning
efficiency of 80% and conservatively estimating that only oil in melt pools greater than 50 fi2 (85%
of the total) would be ignited by Heli-torch operations results in an overall oil remqvaliby burning
of : | ' )
12,000 bbl x 49% onice x 80% x 85%

4000 bl

daily oil removed from floes by burning

'
LN

. A similar overall reduction in on-water in situ buming effectiveness to that determined above for °

mechanical containment and recovery, can be estimated 'uéing the same response time and
environme;tal factors as for mechanical containment and recovery. For ISB operations the additional
factor of the percentage of time that winds are less than 20 knots (95%}) is also taken into account.
The estimate of ISB effectiveness for the 15-day period, expréssed as a percentage of the total
blowout flow: | . : i o
Oil removed from water by ISB = 1416 bl;llday x0.97x 0.66 x 0.95 + 12,000 bbl/day -

- .= 71% : ’
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The ISB operations targeting the oil on ice floes wouid continue until all the available oil had been
ignited. Delays in operations due to response time and environmental factors would not affect the
overall removal effectiveness. The estimate of on-ice ISB effectiveness for the 15-day period,

expressed as a percentage of the total blowout flow:

-

" T

'Oil volume removed from ice by ISB= . 4000 bbl/day + 12,000 bbl/day
o ( = 3%

"

3

The total oil removed by ISB operations both on water and jce is:

Total oil removed by ISB operations = ° T1%+33%
‘ . = 40 %

t
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6.8 Potential Benefits of Well Ignition

-

One option available to reduce'\or prevent oil eflltenr;g the water is to intentionally ignite the well and
consume as much as possible of the oil spray in the ensuing gas fire. The decision to ignite a well
blowout is not one that should be taken iightly or made quickly. Checklists of questions and
guidelines to assist with the decision are avallab'le (SL Ross and Energetex 1986). Based on
equations in that report used to estimate the oil droplet combustion efficiency in such situations, 99%
of the volume of oil droplets from the hypothetical blowout at Northstar would be consumed and
75% of the \;olurne of oil droplets from the Pi. Mclntyre blowout would be burned The main -
difference between the two efficiencies is the greater ﬂow-rate of gas with the Northstar well 33x
10° standard cubic feet (scf) of natural gas per day as opposcd to 9 x 108 scf/day.

Based on measurements of the, soot produced by bumning 0il and gas blowouts during the Gulf War,
about 2 to 3% of the mass of oil burned in the blowout fire would by emitted as particulate matter
(Laursen et al. 1992). This is much less than the expected soot yield of large in situ oil fires, which
is on the order of 15% by mass (Fraser et al. 1997).

{
H
1

6.9 Potential Benefits of Deflecting the Blowout Plume

It has been suggested that perhaps the plume of gas and oil droplets emanating from the wellhead
could be mechanicallj deflected horizontally to reduce the initial rise height of the oil spray. This

_ could cause the dropI;ts to fall to the surface sooner and allow removal operations to take place

closer to the source. Considering the momentum of the gas jets (for the Northstar blowout the gas

- is exiting at sonic velocity - 1160 mph and for the Pt. McIntyre scenario the gas is exiting at 810

mph) the positioning of a deflector in the jet would be a considerable engineering challenge. As well,
the deflection of the g&s jet towards horizontal would change the dxspersion of the gas and quite -
likely considerably extend the gmlindolevel hazard zone associated with explosive concentrations
of gas. The assessment of the feasibility of this concept is beyond the scope of this study.
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It has als;o been suggested that a device could be inserted into the gas jet to agglomerate the oil spray
droplets, increase their size and cause them to fall to the surface in shorter distances. Many such
devices exist in the realm of air pollutlon control technology The simplest, and perhaps most
applicable to the envisioned use, are called demisters. These devices involve passmg a gas stream
laden with small droplets through a secuon of duct loosely packed with fine mesh The droplets
collide with and collect on the strands of mesh. As the strands bcoome saturated with liquid, larger
droplets are torn off by the passing gas. This process causes the droplet size distribution to be shifted
upwards significantly. For a given liquid, there is a droplet dlametcr below which demisters are not
effective, because these small droplets do not have sufficient mass to cross gas flow streamlines and
collide with the strands, but are carried around the strands by the gas. As with the placemcnt ofa
deflector in a blowout plume, the positioning of a demister in ;;he, jet would be a considerable
engineering challenge. The assessment of the feasibility of this concept is beyond the scope of this
study.

S )y A
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6.10 Summary of Countermeasures Effectiveness

6.10.1 Existing Countermeasures

In this chapter, six blowout scenarios were examined to determine the potential effectiveness of

existing countermeasures, that is, excluding any possible use of dispersants or in-situ burning; the

results are summarized in the table below. Effectiveness is defined here as the percentage of the

blowout flow over the 15-day period that could be recovered by existing response systems. A second

effectiveness number is also shown: it takes into account the reduction in blowout volume due to

evaporative losses - fixed at 20 % for all scenarios - and losses due to tiny-particle drift - estimated

to be 10 % of the total blowout flow. This second effectiveness number is therefore the percentage

recovery of the oil that is estimated to land in the marine environment, that is, 70 % of the total

blowout flow.
TABLE 6-19
Summary of Recovery Effectiveness for Six Scenarios
' Freeze-up Break-up
Scenario Parameters Ice Coverage Ice Coverage
30% | 50% | 70% | 30% | 50% | 70%

Estimated 15-day recovery, 59 22 0.6 18 12 44

percentage of total blowout ,

Estimated 15-day recovery, -

percentage of total blowout that 85 | 31 | o8 | 25:| 18 | 63
A reaches ice/water surface | .

i

The results are discussed below according to the major variables in the analysis.

-

i
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Effects of Ice. The ice concentrations in the six scenarios varied from 30% to 70% coverage, i"or
spills in ice résulting from a blowout, the presence of ice ﬂpes has two negative implications. The
first is simply that a certain percentage of the i)lowout lands on ice and is thus unavailable for
contaimment and recovery based countermeasures. The second is that as the ice coverage increases,
it will become more and more difficult to operate containment boom t(; concentrate oil for recovery.
While broken ice is sometimes said to have a positive effect on spill behavior by reducing the normal

effects of spreading, this is of little benefit for blowout spills where the initial slick thicknesses, even

"in the thick portion of the slick, are often less than 1 mm.

Particularly for the spills in 70% ice coverage, the effect of ice is to make a containment and
recovery response essentially pointless. The combination of only 30% of the blowout flow actually
landing on water and thus being available for recovery and the low efficiency of containment

operations means that less than one percent, at best, of the total blowout flow could be recovered.

v
E v

The situation for the&BO% ice scenarios is somewhat better, with more of the qil landing on the water

_between floes, and more efficient containment operations.

Initial Slick Conditions. As described in each of thé scenarios: the blowout plm:ne comprises a
range of sizes of oil droplets that rain down on the ice/water surfa;:c at some distance from the spill
source. The result is a thick, relatively narrow band of oil directly down drift of the blowout source,
with a much wider, relatively thin area on each side of the thick slick. It is estimated that about 60%
of the oil that eventually reaches the surface will land in the thick portion of the slick.

It was also assumed that 20% of the total blowout flow would evaporate from the droplets in the air,
and it was estimated that 10% of the droplets would be so small that they would remain st;spended
in the atmosphere. In total; an estimated 70% of thel blowout flow will eventually reach the ice/water

surface.

Comthg the above numbers means that only about 40% of the total blowout flow (0.6 x 0.7) will

- reach the surface and form a thick slick. About 30% of the total blowout flow (0.4 x 0.7) will reach

-129-
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the surface, but in a relatively thin slick for which a containment and recovery response wo;ﬂd be
relatively ineffective, even in open water conditions. The slick thickness in these thin portions is ,
estimated to be 0.035 mm, meaning encounter rates would be on the order of 5 to‘10 bbl/hour, and A
daily recovery volumes would be less than 1% oi’ tine blowout flow.

. o

Daylight Hours. It was assumed that containment an& recovery operations would be conducted only
during daylight hours, for reasons of worker safety and due to difficulties in positioning containment
equipment relative to the thick portions of the slick. For the freeze-up scenanos, with daylight hours
ranging from 8 to 12 hours, this causes a decrease in effectiveness to only one-third to one-half what
it otherw1se could be. There is no reduction in effectiveness in the break-up scenanos given the 24~

hours of daylight at that time of year.

:

Other Problems During Freeze-up. In addition to the limited number of daylight hours, there are

two additional concerns during the freeze-up period that cause a reduction in effectiveness for the

_ first three scenarios. The first is that the ice conditions at West Dock, where the pnmary eqmpment

and marine logistics are located, will limit the speed of the initial response. In the freeze-up
scenarios, it was estimated that the response time for contammen! and recovery would be 60 hours
as opposed to the 12 hours used in the break-up scenarios. Over the 15-day period, this tr.;nslates into
a loss in effectiveness of 17% ((15 days - 60 hours) + 15 = 83%).

Weather Limitations. In the calculations of effectiw}encss, the first step was to estimate a daily
recovery volume for the specified number of systems. This number was then used to calculate a 15-

day recovery percentage moorporanng the effects of response time and the effects of weather

lmntauons For the frecze -Up scenarios s this latter factor was estimated to be 77%; that is, opcranons
would be effective 77% of the time, chbmmg suitable conditions of waves less than 3 feet (84%),
visibility greater than %-mile (95%), and ceiling height greater than 1500 ft (97%). Similarly, for
the break-up scenarios, operations would be effective 66% of the time, combining waves less than

3 feet (95%), visibility greater than ¥:-mile (78%), and ceiling height greater than 1500 ft (89%).

1
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Equipment and Loglstwal Limitations. As discussed above, the relatively} narrow thick slick does
allow for reasonable encounter rates using 2 limited number of containment and recovery s;ysteg)s
and relatively Short lengths of boom. In fact, in each of the six scenarios, the entire width of the thick
slick could be encountered using one or two systems with a total boom length of no greater than 720
feet. Similarly, there are a number of skimmers with (derated) rcoov;:ry rates that exceed the rate at
-which oil would be encountered in the thick slick, so the capability of recovery equipment should
not limit the operation. Finally, therehare adequate logistical systems to support the containment and

recovery operation, including the storage and transfer of recovered fluids.

In each of the scenarios, oonsideratign was given to the possible effectivenesé of additional
containment and recovery systems. In each case it was found that any such equipment would be
limited to chasing relatively thin slicks of oil - either that which( originally landefi outside the thick
portion of the slick or that which was lost past containment due to ice problems - and would
' contribute little to the overall effectivencss. ’

v

6.10.2 Alternative Countermeasures ] _

I
il

"For each of the six blowout scenarios the potential effectiveness of alternative countermeasures was
aiso examined. This includes the use of dispersants, in-situ burning, and igniting the well to burn off
the oil as it is emitted from the well. The results are summarized in the table below. In each case,
effectiveness is defined as the percentage of the blowout flow over the 15-day period that could be

dealt with by the particular technique. . - x,
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TABLE 6-20

Summary of Recovery Effectiveness’ for Alternative Coontermeasures

4

) Freeze-up Break-up
Scenario P t
cenanio Tarameters Ice Coverage Ice Coverage
30% | 50% | 70% }.30% | 50% | 70%
. Existing Countermeasures 59 |22 0.6 18 12 44
Dispersant-Use . 42 0 0.l o 0 0
In-Situ Buming® - on-water 34 22 64 0 14 7.1
. -on-jce ' 0 0 0 5.1 25 33
Well Ignition ‘ ‘ 99 i 74 .
1. Al figures expressed as a percentage of total blowout flow. -
2. Note that ISB on-water effectiveness is for comparison with existing containment and -
recovery effectiveness; ISB on-ice effectiveness would be in addition to either
containment and recovery or ISB on-water effectiveness. o

O OO0 o000 e.C T o3

“

Dispersant Use. The use of dispersants is an attractive option for dealing with blowout—typo Spﬂls,
particularly those that are relatively close to centers of logistic support, as are the spills in these

( soenanos The modest daily spill rate combined with the ablllty to deliver the requn'ed quantities of

dlspcrsant while the oil is relatively thick mean that there are good opportumtles for application.

. However, the fact that there is broken ice has two major unpedxments to the overall effectiveness of

a dlspersant operation. ‘First, the prescnoe of ice tends to dampen any wave action which is required
to allow dlspersants to be fully effective. In this evaluatlon, it is assumed that dispersants would be

-meffecuve in the 50% and 70% ice scenarios due to the limited wave energy, although dispersant

application might be attempted. The second limitation is that, with the blowout spills in these
scenarios, a fixed percentage of oil lands not on the water surface but on the ice as it drifts past the

spill source (a percentage that matches the average ice concentration) and this oil would not be

- T A . ;

¢ »
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"available" for dispersing into the water. This latter point appligs equally to containment and
recovery. i

An additional negative, not related to the‘ ice coverage, is the properties of the oil chosen for the
break-up scenarios. Although the 24-hours of daylight would have otherwise made these scenarios

attractive to a serious dispersant effort, the oil i is of a viscosity that is currently thought to be resmtant

to dispersant effectiveness. It should be noted that the P. McIntyre oil used in the break-up scenarios

has a viscosity that is atypical of North Slope crudes, and that most other oils could be much more

amenable to dispersion.

" On the positive side, a disi:ersan} operation as described here could be mounted relatively quickly,

within 12 hours as opposed to the 60 hours estimated for containment and recovery in the freeze-up '

Scenarios. - , N -

In-situ Burnmg For the freeze-up scenarios at low and medium ice concentration, in-situ bummg

offers little advantage over containmentand recovery techmques Because the slicks emanatmg from
the blowout are below burnable concentrations, containment }s required to concentrate and thicken

the oil before it is burned. As in the evaluations of booming and skimming, in-situ burning is limited

in these scenarios by b;)th the inability to effectively contain oil among broken ice and the fact that

there is only 10-1/2 to 12 hours of daylight. It should be noted that in these scenarios, although

burning offers little theoretical improvement in effectiveness compared with containment and

recovery, the lesser logistical requirements may lead to greater effectiveness in an actual spill

incident. . ‘

il

For the frecze-up scenario in 7/10ths ice, there is a potential to contain and burn oil using the area -

* of open water - or wake -- that is likely to be present down drift of the production island. In this

situation, a batch-type contain-and-burn operation is estimated to burn off up to 6.4% of the total

blowout flow, well in excess of the predicted effectiveness of a containment and recovery operation.

"-133- :
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For the break-up scenarios, burning on water using fire containment boom provides an effectiveness
that is approximately equal to that afforded by containment and rcebvery. Because of the above-
freezing temperatures, oil that lands on ice will tend to be herded into concentrations that may allow
burning using only the natural containment provided by the ice. In this situatidn, burning the oil that
lands on floes and concentrates in melt pools offers an oil removal capability that would supplement

either the on-water burning operation or containment and recovery.

Well Ignition. The possibility and potential effectiveness of intenﬁonaﬂy igniting the blowing well
was briefly examined. Based on previous studies on this subject, it is estimated that up to 74% for
the Pt. Mclntyre scenarios (break-up) and up to 99% of the Northstar scenarios (freeze-up) would
be consumed in such a fire. The main differences between the two wells is the much higher gas flow
rate at Northstar. |
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7. Conclusions - -

¥

Six hypothetical oil well blowout scenarios were examined to determine the potential effectiveness

of spill countermeasures in broken ice situations The evaluation first analyzed the existing

- countermeasures capability, and then looked at the potential for improvements to effectiveness using

alternative techniques such as dispersant use and 1 sifu burning.

The spills that result from the blowouts will resultin a rellatively narrow slick of thick oil surrounded
by a much wider, relatively thin slick. Near the spill source, the thick portion of the slick will have
a width of 100 to 240 feet, a thickness of 0.5 to 2.1 mm, and will contain approximately 40% of the
total blowout flow. The thin portion of the slick will have a slick thickness of only 0.035 mm, and
will contain an estimated 30% of the total blowout volume. (The remaining 30% is predicted to
either evaporate from airborne droplets or remain suspended in the air due to their very small size.)

. The analysis of existing countermeasures predicts a range of spill recovery effectiveness values

depending on the amount of ice coverage and season (break-up vs. freeze-up). Expressed as a
percentage of the total blowout volume, estimated effectiveness varies from about 1% for the 7/10ths
ice cover at freeze-up to as high as 18% for the 3/10ths ice cover during break-up.

. Asdiscussed in detail at the conclusion of the previous chapter these seemingly low percentages are

caused by a combination of factors inherent to the scenarios:

2

¢ Only about 40% of the total blowout volume lands on the ice/water surface in a slick that is
thick enough to allow effective use of containment and recovery equipment.

Kl

e  Of the oil that lands on the ice/water surface, a fixed i)erccntage (i.e., the assumed ice
concentration) lands on ice floes and cannot be efficiently recovered mechanically. ‘

* Inthe 50% and 70% ice scenanos, a contamment and recovery operation would be severely
hmlted by the need to regularly rcposmon contmnmcnt booms and/or clear ice from the

I ¢ -
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containment area. It may be possible to use skimmers, without containment boom, to recover 1
isolated pockets of oil; however, this approach would also severely limit the encounter rates
owing to the relatively thin initial slick conditions resulting from blowout spills.

¢ In the freeze-up scenarios, the limited-‘ number of daylight hours restricts the possible
effectiveness. It is assumed that operations will only be cbndu;:tcd during daylight hour£ dueto
the difficulties in positioning the cont’ainment and recovery equipmeht relative to the thick
portions of the slick. C .

4

. Employing additional containment and recovery equipment is unlikely to improve significantly on -

the above estimates of effectiveness. In each of the scenarios, the entire swath of thick oil can be
encountered by one or two containment and recovery systems using modest lengths of boom. Any
additional equipment would be limited to chasing relatively thin slicks of oil and would contribute

little to the overall eﬁ'ecuveness

Dispersants should be useful for respondmg to blowout spllls in light ice conditions. Dispersant-use
is likely to be more effective than mechanical systems in removmg oil from the surface because the
method, involving application of dispersant from helicopters, avoids the usual inefficiencies of
vessels and spill equipment operating in an ice-infested environment. The major problem with
dispersants, ho‘wever, is that wave energy is required to mix the treated oil into the water. Because
of this, it was assumed in the 50% and 70% ice scenarios that ciispersant—use would be ineffective
due to the dampening effect on wave energy in these higher ice concentrations. Another factor that
strongly influences dispersant effectiveness is the viscosity of the oil being treated. In the break-up
scenarios, the viscosity of the Pt. Mclntyre crude oil was judged to be too high to allow for the -
effective use of dispersants. Oils less viscous than Pt. Mclntyre crude oil will be more amenable to
chemical dispersion. ‘

i

In-situ burning could add to the overall effectiveness, particularly in the break-up scenarios. In those
scenarios, with above-freezing temperatures, oil that lands on ice floes will tend to be herded into
pools on the ice that may be subsequently burned. This burning of oil on ice would be an oil removal

_ capability that would supplenient an on-water burning operation or containment and recovery effort.

136 . .
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Consideration could be given to intentiom;lly igniti;lg the well such that the oil is consumed in the -
burning plume of gas (The feasibility or advisability of this option was not examined, only the
péssible effectiveness.) Well ignition would have the potential to significantly reduce the volume

of oil entering the marine environment, consuming between 74% and 99% of the assumed oil |

volumes. '

u -
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-

"Background on Petroleum Activities in the Alaskan North Slope

The followmg was absh'acted from MMS 1998 and ADNR 1998. :

The North Slope of Alaska contains the largest p‘etroleum field discovered in North America,

’ namely; Prudhoe Bay. It also contains many satellite fields with over 100 million barrels in reserves
(see Figure A-1). Production from North Slope fields, including both onshore and offshore fields,
peaked in 1988 at just over 2.0 million barrels per day Present production is 1.4 million barrels per
day. 1 ,

1

Exploration began on the North Slope in the 1920s. The first lease sale was held in 1964, and the ~
next few years saw a series of major discoveries: Prudhoe Bay (1968), Kuparuk (1969), and Milne
Point (1970). Estimated reserves from these discoveries totaled 12 billion barrels. Oil productmn
began in 1977 after the trans-Alaska oil pipeline was constructed.

Eight of the post-Prudhoe Bay discoveries are currently producing oil because of the Prudhoe Bay
infrastructure and their relatively close location to the Trans-Alaska Pipeline. Six of these, Lisburne,
Kuparuk, Milne Point, Endicott, Niakuk, and Point McIntyre are major fields (Table A-1). While
. initial production on the North Slope was from onshore areas, four fields produce at least some of
theirreserves from offshore areas, these fields are Endicott, Pomt Mclntyre, Milne Point and Niakuk.

Table A-l Major Producmg Fields on the North Slope and in thc Beaufort Sea

.~

-

\

; Fleld Name

Estimated Original '
Economically Recoverable
Oil (MMBBL)"

Estimated Original
Economuically
Recoverable

* Gas (BCF)

Prudhoe Bay

12,219

28,203

Lisburne

145

362

Kuparuk

2,627

998

Milne Point

395

23

Endicott

622

66

34

| 43 Mln y

Source* ADNR 1998

£y
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Offshore lands in the Beaufort Sea were first offered in 1979 in a sale that included State lands
(within 3 miles of shore) and Federal lands (beyond 3 miles). Since then, several large, offshore oil
fields have been discovered, including: Endicott/Duck Island, Point McIntyre, Seal Island/Northstar,
Niakuk, and Tern/Liberty (in appraisal phase as of early 1998). These fields lie close to shore,
beneath State lands or on the boundary between State and Federal lands. So far, only one offshore
field, Endicott/Duck Island, has been developed, and it began producing in 1987. Northstar is the -~
second offshore field scheduled for development; production is proposed to start in 1999.

The first Federal-only offshore lease sale in the Beaufort Sea was held in 1982. Since then, four more
Federal sales have been held. A total of 28 exploration wells have been drilled. Nine wells are
considered capable of producing oil in paying quantities. All these discoveries, however, remain
undeveloped. Three presently non-commercial fields (Sandpiper, Hammerhead, and Kuvlum) have
been unitized for possible future development

In addition to Northstar, several ﬁelds have been p;oposed for development, including Badami,
Alpine, Liberty, Tarn, and West Sak. The onshore Badami field, discovered in 1991, is estimated to

contain 145 million barrels of economically recoverable oil, and is expected to come on-line in the
fall of 1998.

. The Liberty field is located on federal leases approxin;ately five miles offshore in the Beaufort Sea,

northwest of the Badami field It is estimated to contain 120 million barrels of recoverable oil.
Production is proposed to begin in 2000. The Tam prospect is located southwest of Kuparuk and
contains estimated proven and potential reserves of 50 million barrels. Production is expected to

- begin by late 1998 or early 1999.

The Sourdough field discovered in 1997 could contain 100 miilion barrels of recoverable oil. Further
exploration is needed before determining whether to develop the field. The Sourdough prOJect would
reqmre up to 35 miles of pipeline to link up with the Badami field to the west.

3
4

Finally, in February 1998, two new oil accumulations, Sambucca and Midnight Sun,werediscovered -
,during the drilling of a Prudhoe Bay “satellite™ prospect. Test production from the dlscovery is

‘ planned for the first half of 1998.
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Appendix B
Supplemental Data on Ice and Climate

To assess the potcntiai variation from the established scenarios described in Tables 1 an& 2 in the
main text and the resulting effects on the oil spill response, Exceedance or cumulative probabilities
for selected parameters are discussed below and presented in following tables.

® Ice Drift Speed. The cumulative frequency distributions of ice drift speed for freezc-uﬁ and
break-up are presented in Table B-1, based on daily ice movement rates computed from ARGOS
buoy records collected in the eastern Beaufort Sea during 1979-1987 and from three site-specific
ARGOS buoys deployed between Northstar and West Dock during the 1996 break-up season.
For example, the table can be read to show that on average, ice drift can be expected to exceed
* one knot at freeze-up for 1.9% of the time. It should be noted that ice drift can exceed the va]ues
shown for short periods in response to local winds and currcnts
. W‘md Speed. The cumulative frequency distribution of monthly wind speed is presented in Table
B-2, along with a plot of monthly wind speed exceedence for four wind speeds (10, 15, 20, and
25 knots) in Figure A-1. During freeze-up, November is the windiest month, but October runs
a close second with winds blowing harder than 15 knots 37% of the time. The winds tend to
subside throughout the spring and early summer. July is the calmest month when winds are
greater than 15 knots only 19% of the time,

® Wind Direction: The cumulative frequency distribution of monthly wind speed is presented in
Table B-2, along with a plot of monthly wind speed exceedence for four wind speeds (10, 15,
20, and 25 knots) in Figure B-1. During freeze-up, November is the windiest month, but October
runs a close second. For example, the table can be read to show that winds in October will be less
than 15 knots 63% of the time. The winds tend to subside throughout the spring and early
summer, For instance, in July, the calmest month, winds are less than 15 knots for 81% of the
time. The seasonal trend in wind strength is shown clearly in Figure B-1 with the troughs in the
" curves correspondmg to the summer period (July to August) and the peaks corresponding to the
fall and early winter (October to January).

H

® Air Temperature. The cumulative frequency distribution of monthly air temperatures is given
in Table B-4 for the entire year. Air temperature data are based on approximately 29 years (1957-
85) of data recorded at Oliktok and 37 years (1949-85) of data recorded at Barter Island,
respectively located approximately 40 nautical miles west and 90 nautical miles east of Northstar
and West Dock. Except for a 1% chance that the air temperatures in October will be below
—20°F, it is unlikely that air temperatures will play any significant role in the dcvelo;:ment of oil
spill response scenanos .

® Visibility. Visibilities from less than 0.25 nautical miles to gneater than 10 nautical miles are

presented in Table B-5 as cumulative probabilities of occurrence for each month. It can be seen
.that the break-up season during July has the most fog, with visibilities less than 0.5 miles
. oceurring about 22% of the time. By contrast, the freeze-up season during October experience

Al
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TABLE B-l
Exceedence Probability Distribution Of Ice Drift Speeds at Northstar and Pt. Mclntyre

Cumulative Fréquency Distribution Of Monthly Wind Speeds

: . at the Northstar and Pt, McIntyre Developments

vy ¢ e | e Per Cent > Net Daily Ice Movement Rate (knots) - = | .Average (s 2‘
“Season | >0.2 | :>04 | >0.6 |>0.8 |">1.0 | .>15 | >2.0 Speed (knots)”
Freeze-Up | 50.0 177 1- 81 | 3.8 1.9 0.4 0.3 03
Break-U; 34.0 14.4 6.2 2.8 0.8 0 0 02
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| TABLE B-3
Wind Direction Occurrence at Northstar and Pt. McIntyre

o e IR Y « - 4 CentOccurrenceof Wind Directions ~ : = »-

1 Jan -

Feb .

Mar -

Apr

May

Jun -

Jnl 3

Aug -

3

4

3

5

6

7

6

21

23

24

28

16

22

18

18

19

21

22

34

38

32

6

4

5

4

6

S

4

3

S

3

19

11

7

16

12

12

3

4

6

Cumulative Frequency Distribution of Monthly Air Temperatures

L

6 -

]

TABLE A4

at Northstar and Pt. Mclntyre

b 2

: 2 ’Cumulaave Per Cent vf Air Tenqreratures ( LJ’stedAir Tenpemture) e i

-F -'wﬂh

N R eI ce AR ;4 RN S S A W a.; N A

(°F) °| Jan | ' Feb'| Mar | -Apr: <May Jun ‘| Jul “Aug" Sep ']:0ct |*Nov-|
70 100] 100| 100] 100{ 100} 100}|.5100] 100§ 100 [*100] 100

60 100} 100} 100] 100] 100] 100|=x99] 100] 100 ] =100 100
» 50 100 100] 100] 100| 10] 99} ~904 93| 99]*100{ 100

40 100| 100] 100] 100] 98| 86]::54) 57| 91]1..100| 100

30 1001 100 100] 98] 90] 20 |==x2 71 45197] 100

20 98 98 99 92 35 1] 20 0 3]+-53-] 93
- 10 921 9] 96| 82] 15 0{-40 0] **}-+30] 80] 95
0 82 88 90 56 3 0]y~ 0 512 52| 80
-10 671 74| 72| -33] ** 0170 0 L e i

-20 41 571 44 9 0 0f»=0 0

-30 22y 37] 16 1 0 0|30 0

-40 7 11 5 ** 0 0| %0 0

-50 g 2] ** 0 0 0f=¥0 0

Avg. -151 -21]| -17 <2 21 34140 39

" Note: The notation ** indicates less than 0.5 per cent but greater than zero.”




TABLE B-5 .
Cumulative Probability of Visibility by Month at Northstar and Pt. McIntyre

' Cumulative Probability

T 2o <m*":_‘ ":\<1 ,#ﬂ:.'\;," o <2»"i 53 vv-;<5\ il:

~ 11.3 16.6 20.6 29.5

8.9 13.6 17.7 26.2

7.0 11.8 16.2 24.0

5.7 9.6 14.2 22.8

7.7 13.7 19.8 304

5.2 9.2 14.3 - 18.0 24.6

{7105 o [ 216 < ] 026,07 ) » 128.8 i | % . 34,5 -

10.6 17.8 23.1 27.1 31.6

6.7 11.6 17.8 233 33.6

tu ."<'j“~'2_8 “ b il »1‘2’_\,5.4 o b e ‘-pl 1.5 3?21'» Yo 17.3 s I 330.1 ENL] IR

4.0 7.2 12.5 17.0 286

41 67 | 111 15.8 25.0
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Oil Deposit:ion Modeling for Surface Oil Well Blowouts

1

" delivered at the 21% Arctic and Marine Oil Spill Program
‘ ' Technical Seminar in Edmonton, June 1998
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* Project Objective

Oil Deposition Modeling For
Surface Oil Well Blowouts

Randy Belore
S.L.Ross Environmental Research Limited
Ottawa, Ontario, Canada
(613) 232-1564, randy@slross.com

Jim McHale
Alaska Clean Seas
-Anchorage, Alaska, U.S.A. .
(907) 659-3220 ( .

: Tom Chapple :
Alaska Department of Environmental Consexvanon
Anchorage, Alaska, U.S.A.

Abstract

A surface oil and gas well blowout can send a plume of oil droplets into the
atmosphere near the discharge site. The location that the oil falls to the surrounding
ground or water and the rate of deposition at this point depends upon the height to
which the oil is propelled, the size of the oil drops and the prevailing wind speed. A -
simple method is presented for estimating the fallout width and rate as a function of
distance from the source, for the range of oil and gas flows likely to occur in the
Alaska North Slope operations. This paper summarizes the results of a project
completed for Alaska Clean Seas.

*

The objective of the pro;oct was to estimate the likely fallout zone from a

> surface well blowout, under specific environmental conditions and blowout

characteristics, for spill response planning purposes. The work was not intended to

" be a detailed scientific evaluation of the best modeling approach to the problem,

but rather to use an existing method to meet the project’s practical objective.

Model Description " -

"' A computer model was developed based on the workbook method for
atmospheric dispersion estimation by Turner (1970). The blowout and oil deposition
model functions as follows. Input parameters of oil flow, gas flow, discharge pipe
diameter, oil density, average wind speed, oil drop diameter, release height, and

“atmospheric stablhty class are read into the model. The gas exit velocity is

estimated using a sxmple gas flow divided by discharge area” relationship. The jet

. rise is calculated using a cold jct rise equation (Beychok, 1979). The oil drop

settling velocity is calculated using an iterative terminal velocity equation. The
distance that the drop will travel prior to hitting the 'ground’ is determined using the .

_ rise height, settling velocity and wind speed. The plume spread in both the vertical

i
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and horizontal is ass;xmed to follow a Gaussian form as described by Turner (1970).
A factor of 2.67 is applied to the final trave] distance to account for vertical spread
(this adds three standard deviations to the mean distance travelled). This results in

» 99% of the droplets, of the diameter being considered, falling by the distance

calculated. The width that the plume will spread to, at the point of ground contact, is
determined using Tumer’s (1970) atmospheric dispersion relationships. The 2.67
factor also is apphed to the plume width to account for 99% of the droplets.

Oil Drop Size Distribution :

The oil drop size distribution from a surface oil and gas blowout is the one
parameter about which little is known. Measured oil drop-size distributions for such
events could not be found in a search of the libraries of S L.Ross, Environment
Canada and Canadian Institute of Scientific and Technical Information. The
following steps were taken to provide an estimate of the size distribution of these
drops.

Observational data from the Umacke {(Martec, 1984) and Ekoﬁsk (Audunson,
1979) blowouts were used to approximate the volume median drop diameter from
surface blowouts. The spill model was run using the blowout conditions reported in

“ the Iiterature for these two incidents and vanous volume median oil drop diameters.

The reported slick conditions for these spills were adequately predicted when a 500
pm volume median diameter was used in the Uniacke discharge and a 750 um
volume median diameter (VMD) was used for the Ekofisk spill. The comparisons

' between reported and modeled values can be seen in Table 1. This provides an

average drop size but does not reveal the drop-size distribution.

Table 1 : Comparison of Reported and Modeled Slick Characteristics

Percent Evaporated Slick Width(m) .| Thickness (mm)
ol Reported | Modeled | Reported | Modeled | Reported | Modeled
Ekofisk' | 35440 | 395 | 100200 [ 200 1 1.14
Uniacke? 70 - 67.5 200 ° 700 0.003 0.0046

1 8.5 m/s wind. 0.5 m/s water current, 5°C atr and water temp, 750 xm drop

diameter

2 12.3 m/s wind, 0.26 my/s water current, 1°C air and water temp, 500 zam drop

_ diameter -

. The only oil drop-size distribution data that could be found from an oil and

' gas discharge were from measurements taken during an experimental subsea release
under an ice cover (Buist and Dickins, 1980) In this study oil drop-size

distributions were measured from ice core samples taken at various distances from ,

_ the release point. These distributions have been combined in an area- weighted
" scheme to identify the likely drop-size distribution of the oil as it was discharged.
- The result of this analysis can be seen in Figure 1. The resulting distribution is

linear rather than the log-linear relationship exhibited by most gas-atomization

= 13

'
&
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systems. The reason for this is unknown, but, since this is the only data available, it
is used in the final modeling with one modification. The volume median drop
diameter of the subsea release was around 1050 um. This is somewhat higher than
the 750 um diameter identified for above sea oil blowouts This would seem

" reasonable since the gas flow would be reduced somewhat due to the over-pressure

provided by the water above the submerged discharge point. This will reduce the
gas exit velocity and result in reduced droplet shearing and larger drop diameters.
To account for this, the measured drop size distribution in Figure 1 has been shifted
so that the volume median diameter of the new curve is 750 um, but the slope of the
curve has been preserved. The resulting drop-size distribution has been used in our
modeling to identify the oil fallout rate as a function of distance from the release
location. Due to the lack of supporting data we were unable to identify different
drop size distributions as a function of the gas and oil flow rates and discharge pipe

.diameter,

1

Measured Oil Drop Size Distribution
Dome Subsea Oil & Gas Release

Cumulative Volume %

Drop Diameter (micrometers)

Figure 1 : Oil Drop Size Distribution from Subsea Oil & Gas
Release

Pneu;xlanc atomization equations, for predicﬁng the VMD as a function of blowout
parameters, have not given results that match the information available from field

' observations so they have not been used in this study.

Modeling Results ° -
The input conditions considered in the modeling were as follows: ,

Oil Flow: Barrels ofOil per Day(BOPD) 5,500 8,000 12,000 15,000
Gas-to-Qil Ratio (GOR)(ft® gas/barrel oil) 400 750 2,200
Wind Speed (knots) - 5101520

' Discharge Pipe Internal Diameter (in) 4 &63 - -
© D

Atmospheric Statgility Class

-
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The model was run for the drop oiamctcrs that correspond to the 10, 20, 30 ...
90 % cumulative volume cutoffs in Figure 1. Early modeling results identified that
the wind speed has no effect on the deposition pattern due to two counteracting

. effects: the wind speed affects the rise height of the plume as well as the distance a

drop will travel downwind pnor to falling to the ground. A high wind reduces the
rise height by bending the rising plume. Drops will fali to the ground sooner due to
the reduced height but will travel just as far from the source due to the increased
wind speed. . The wind speed variable was therefore dropped from the test matrix.
The results presented apply for most wind speeds but not for extreme cases (i.e.,
zero winds or very high winds will result in plume behavior different than that
presented in this report).
. It should also be noted that the horizontal dispersion relationship adapted from

Turner (1970) is strictly valid only for distances greater than 100 meters from the

source. We have applied Turner's relationships to points closer to the source and
these results should be used with caution.

The gas flow exiting from the rupture controls the plume height and
subsequent fallout characteristics. The plume fallout dimensions are therefore
reported as a function of gas flow rather than oil flow and GOR. Figure 2 has been
provided to permit a quick estimate of the gas flow from an oil flow (in barrels of

. oil per day) and a GOR (in scf/barrel). This figure also shows the maximum gas

flow possible through the two pipe diameters considered (4 and 6.3 inch inner
diameter pipes). Gas flows at the limits shown represent sonic exit velocities.

Gas Flow - Oil Flow -GOR -

Gas Flow (mmécfd)

L 2 Il Il I I I 1 Il i1
000 v 7000 ’ ' uooo ) 13000 15000

ounow(bopd) )

=i 400 =@ 750 == 2900
»  GOR's {sctbarrel)
5

~

Figure 2 : Gas Flow - Oil Flow - GOR Relationship | .

. Figures3 and 4 can be used to determine the percentage of the total oil ﬂow
that will fall to the ground or water within a given distance downwind of the source
for the 4 and 6.3 inch pipe diameters, respectively. The oil flow rate and the
duration of the release can be applied to this number to determine the oil deposmon

, rate and " avcragc oil thickness that would exist at the location.

o
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Oil Fallout Percent vs Distance
from Source {4 inch ID pipe) '

10000

Distance from Source {m)

10 — }

10 20 30 40 50_ 60 70 8 90
Percent of O1l on "Ground"

=2 -5 —e—8§ —=—12 mmscfiday

Figure 3 : Oil Fallout Percent vs Distance from Source (4 inch ID pipe)

i

. o Oil Fallout Percent vs Distance
) from Source (6.3 inch ID pipe)
10000 - -

E
B

. "2 1000
R
£
&

g 100
2
a

10 $

40 50 60 70
Percent of Oil on "Ground"

-2 -5 —e— 10—~ 20-8-32 mmscf/day

+

figure 4 : Oil Fallout Percent vs Distance from Source (6.3 inch ID pipe)
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Flgurcs 5 and 6 can be used to determme the wuith of the plume at the
lJocation downwind. . . .

- *  Fallout Width vs Percent on Ground
(4inch 1D pipe)
1000

Faltout Width (m)

10 20 30 40 S0 60 70 8 90
Percent of Oil on "Ground”

{svomt I e NN wouny SR dvennt BN ovuch S avome RN ooy NP ounts BN foww

=2 =5 8§ =12 mmscb’day

Figure 5 : Fallout Width vs Percent on Ground (4 inch ID pipe)

Fallout Width vs Percent on Ground
(63 inch id p1pe ) A

4
Fallout Width (m)

10. 20 30 40 50 60 70 80 90
Percent of Qil on "Ground" . N

) -5 --0—10--'-—20-:-—32 mmscf/day '

¢

’

' Figure 6 : Fallout Width vs Percent on Ground (6.3 inch ID pipe)
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The following example&is provided to illustratt; how to use these figures. A

.well is assumed to be discharging oil and gas at a rate of 12000 BOPD with a GOR

of 750 scf/barrel through a 6.3 inch diameter (7 inch outer diameter) pipe. To
determine the amount of oil that falls within 200 meters from the source one would
complete the following steps. From Figure 2 determine the gas flow to be about

8.75 mmscf/d. On Figure 4 interpolate between the 5 and 10 mmscf/d curves to
approximate the required 8.75 mmscf/d curve. From this interpolated curve get the
percent of oil falling within 200 meters of the source (about 72%). The total volume
of oil falling within 200 meters of the source will be the total oil flow of 12000 :
BOPD times 0.72 times the duration of the blowout period. To determine the width
of the fallout at 200 meters, use Figure 6 in the same way, and determine the fallout
width at 72% of oil on "ground” (about 35 meters). This is the width that would be
oiled if the wind came from the same direction during the entire release. If the wind
is shifting the plume will deposit oil over a much wider area. If the wind's . o
directional persistence throughout the release period is known these values can be |
apphcd to determine the percentage of oil falling and the resulting oil thicknesses in
the various sectors around the spill source.
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Appendix D

Properties of Point McIntyre and Milne Point Crude QOils
and e

Comparison of Properties between Milne Point and Northstar Crude Oils :
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OIL NAME: Point Mcintyre

#
-

: exp is exponential base e

Tk is environmenta! temperature (Kelvm)

10 TYPE Crude
WEATHERING (Volume %)
’ 0 98 179
20 DENSITY (g/mL) ‘ ‘
1°C . ; - 40911 0920 0932
15°C 0895 0911 0920
30 VISCOSITY .
31 DYNAMIC VISCOSITY (mPa s)
1°C 7563 19000 1181256
15°C ; 44 2 1251 4413
3 2 KINEMATIC VISCOSITY (mm?/sec) ,
~1°C 8302 2065 2 . 127817
15°C 494 1373 4797
4 0 INTERFACIAL TENSIONS @ 15°C (mN/m)
41 AIR-OIL . 335 350 M7
42 OIL-SEAWATER 219 287 292
50 POUR POINT (°C) -4 3 11
6 0_FLASH POINT (°C) 6 12 36
. 70 EMULSION FORMATION TENDENCY AND STABILITY
7.1 TENDENCY
15°C 100 100 100
7.2 STABILITY , . .
15°C_ - 093 100 100
8 0 DISTILLATION DATA (°C) .
VOLUME LIQUID VAPOR
_% EVAPORATED TEMPERATURE __ TEMPERATURE
IBP 88 8°C 59 6°C
5 " 1096 927
a 10 1672 921
- 15 . 2448 106 0
: 20 2843 1293
30 3358 1920
) 40 3798 2366
: 45 3981 2073
9 0 WEATHERING
Fv= In{1+7401 & exp{6 3 - 3910/ TkVTk) N
(7401/Tk) . .
where Fv s fraction of oll weathered by volume
in 1s natural log
@ is evaporatve exposure

v
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' OIL'NAME: Milne Point

10 TYPE Crude : ?

WEATHERING (Volume %)
_ 0 345 416
20 DENSITY (g/mL) :
1°C 0844 0894 0898
15°C - : 0834 0883 0888
30°C ) 0823 0871 - 0879
30 VISCOSITY .
31 DYNAMIC VISCOSITY (mPa s)
15°C 80 771 .948
30°C 52 168 307
3 2 KINEMATIC VISCOSITY (mm?/sec)
16°C . 96 873 106 5
30°C . 63 193 349
4 0 INTERFACIAL TENSIONS @ 20°C (mN/m)
41 AIR-OIL: 252 293 329
42 OIL-SEAWATER ~ 171 ’ 234 249
50 POUR POINT (°C) <-9 0 12
6 0 FLASH POINT (°C) <-4 85 92
7.0 EMULSION FORMATION TENDENCY AND STABILITY {
7.1 TENDENCY
15°C 012 090 . . 09
72 STABILITY - ° R .
15°C 000 030 030
8 0 DISTILLATION DATA (°C)
VOLUME LIQUID «  VAPOR
% EVAPORATED TEMPERATURE  TEMPERATURE
IBP - 87.1°C 43.3°C .
5 - 1216 728 .
10 1405 822
15 1957 1032
20 2131 1098
30 . 2579 1302
40 - 304 6 144.2
: 50 3509 2015
90 WEATHERING
Fv= ___'In{1+6534 & exp(9.6 - 4866/Tk)/Tk) -
* . (6534/Tk)
where Fv 1s fraction of oil weathered by volume
In is natural log
@ 1s evaporative exposure

exp is exponental base e
Tk is environmental temperature (Kelvin)
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North Star and Milne Pt. Comparison - .~

7

10 TYPE Crude

" Fresh

Fresh
North Star_Milne Pt

479% 416%
North Star Milne Pt.

.20 DENSITY (g/mL)

25°C z 0818~ 0829 0876 0.885
30 VISCOSITY ) .
31 DYNAMIC VISCOSITY (mPa s) o
25°C : 29 62 1140 ~ 733
" 32 KINEMATIC VISCOSITY (mm?/sec) )
25°C - 35 75 1301 - 828
40 INTERFACIAL TENSIONS @ 20°C (mN/m) :
41 AIR-OIL: 299 252 - 329
42 OIL-SEAWATER 25 174 249
<-9  <-9 21 12

S50 POUR POINT (°C)

%
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- - o "Appendix E )
Estimate of Containment Efficiency in Broken Ice

When operating containment and recovery systems among broken ice there will be inefficiencies
related to the avoidance of large ice floes and the accumulation of floes within the containment
boom. There has been little experience or field studies to quantify this, although it is beheved that
conventional boom and skimmer operations would be effective at least in light ice concentrations
(say, up to 3/10ths coverage), somewhat applicable in 5/10ths coverage with effectiveness declining
rapidly as concentrations approach 7/10ths or greater. For the purposes of this evaluation it is
necessary to quantify this in some manner. The following is a proposed approach for this.

Carrying out containment operations in a broken ice field could involve maneuvering around large

" floes, periodically reorienting the boom, and perhaps emptying the contained area of brash ice, slush,

and smaller ice pieces. For the purposes of this evaluation scheme, the ice field can be idealized as
being of equally spaced floes of equal sizes This can be then used to calculate the average distance
between floes for a given ice concentration and floe size. This average distance would be the amount
of open water between floes, within which one could operate containment equipment without
obstruction. For a given average speed of advance, one could then calculate the amount of time that
a containment system could advance through open water. Finally, this could then be combined with
a given amount of time to reposition the system to calculate an estimated percentage of time that the
containment system is able to advance and effectively contain and concentrate oil for recovery.

It is acknowledged that an ice field is not made up of equally spaced floes of equal size, and that a
containment and recovery system operating in a broken ice field would likely encounter “longer-
than-average” periods of open water, just as it would also encounter “longer-than-average” periods
of ice in concentrations greater than the 30, 50, or 70% assumed. Since the objective of this exercise
is to produce an overall efficiency number that would apply over a period of time, it should be
reasonable to assume that thesc effects average out over time. §

For example, floes of an average diameter of 1000 feet would have an average separatlon of 740 feet
given a 30 % average ice concentration, calculated as follows:

R = floeradius J
X = floe separation, center to center
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ice area = 3# x (60°+360°)x =R?
= xR¥/2 ,
totalarea = Yx(X)x(Xsin60°) \
= (sin 60°/2) x (X?)
Icearea—totalarea = 30% = (xRY) ~X*sin60%)

4

X = RxVm x03xsin60° ~
for diameter = 1000 feet, R = 500 feet, X = 1740 feet }

separation distance = X-2R
= 740 feet

At an average speed of advance of 0.4 knots, the open water separation would be traversed in:

740 feet + 0.4 knots *
18 minutes r

time

o

In light ice concentrations such as 3/10ths, assume 5 minutes downtime to release contained ice or
" reposition equipment, thus the operating efficiency is estimated to be:

efficiency = 18 minutes + (18+35)
= 79% T

"

Similar calculations can be performed for floe sizes ranging from 100 to 5000 feet in diameter, but
increasing the “repositioning time” to 10 minutes for 50% ice and 15 minutes for 70% ice, as
follows:

Average Floe . Average Floe " Estimated
Diameter, feet Separation, Efficiency
feet of open water
Ice Coverage 30% | 50% | 70% | 30% | 50% | 70%
100 = - - 174 | 35 |14 | 27 {79 | 22
500 370 | 174 | 69 | 65 | 30 | 10 ’
i 1000 ' 739 | 347 | 1391 79 | 46 | 19

2000 e © 11479 694 | 277 | 88 | 63 | 31
5000 13696 | 1736 | 693 ] 95 | 81 | 53.
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Clearly the efficiency is sensitive to both ice concentration and the average floe size that is assumed.
Recognizing that the broken ice field will contain a mix of floe sizes, the results of the above table
can be averaged to provide an estimate of containment efficiency of 70% in 3/10ths ice, 40% in

/10ths ice, and 20% in 7/10ths i
51 ice, o in ice. .
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° Contact List at end of Appendix)

" AppendixF -

Background Information and Details on Logistics

¥

This section provides background information and details on the different types of aviation and
marine support equipment available at Prudhoe Bay and in Alaska to support an oil spill response
in broken ice during the months of July or October.
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Aircraft and Hellcopters

This heading is ‘subdivided into: '

. Helicopters (Light Lift): 800 to 1,200 Ib sling load, 4 to 6 passengers
) : Examples: Bell 206B/L, BO-105
0 Hehcopters (nght to Mednnn) " 2,200 to 10,000 Ib sling load, 12 to 21 pass.
- Examples: Bell 212/214, Vertol 107, Super Puma,
Astar ;

¢

" e Fixed Wing (Reconnzissance):  Example: ARCO Twin Otter

@ Fixed Wing (Freight): Examples: Northern Air Cargo (NAC) DC-6 (24,400
- Ib); Lynden Airfreight Electra and L.382 Hercules (up
0 46,0001b)

3

~ Thefocushereis twofold: (l) obtammg immediate moblhty in terms of transport from the Prudhoe

Bay support base to the spill site and/or barges on location; and (2) reserving the heavy lift capacity
. to move additional response equipment from southern staging points as needed.

*

1
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-and provisions for overnight tie downs.

L3

" Two to three light helicopters (BO105 or Bell 206L) are normally available in the Prudhoe area
within 2 to 3 hours These will likely be used in the first stages of the response for low level visual '

reconnaissance, helitorch operations, and deployment of oil spill tracking beacons. .
A major consideration with helicopter support of an offshore blowout will be securing a safe landing
site offshore during break-up or freeze-up, when the sea ice itself cannot provide a safe bearing
surface. Helicopters on young or rotting ice are limited to temporary set downs on the larger ice
floes (e.g., to collect samples and check oil film thickness), usually with the rotors turning (at the
pilot's discretion). There are no hard and fast rules for these types of operations; any decision will
depend on a safety evaluation by the pilot considering the local conditions (e.g., evidence of local
cracking and proximity to any substantial areas of open water). "Longer set downs and short term
parking with light helicopters may be possible in late October once the ice thickness exceeds one
foot. One barge on location needs to be established as a helicopter landing base with emergency fuel

1

Although there are no legal requirements preventing single engine VFR helicopters from (;perating
offshore with popout floats, the safety of an extended operation would be greatly enhanced by

insisting on twin engine IFR capability and full pontoon floats. There is no guarantee that such -

eqmpment would be avallable on short notice.

The avallabﬂlty of medium to heavy hﬁ helicopters is limited, paruclﬂarly in July when most, if not
al}, of the equipment in Alaska is on full-time contract (ERA - pers. comm.) ERA estimates that
a minimum of three days would be required to bring in additional machines from their Louisiana
base. In QOctober, an Astar (2,200 Ib sling) and a Bell 212 (3,000 1b) are often available for spot
charter in Anchorage and could be on-site at Deadhorse within 6 hours, weather permitting. The
closest source for a medium to heavy lift machine at any time of year is the North Slope Borough
Search and Rescue (SAR) unit at Barrow with two Bell 214ST's (7,900 1b sling load or 9 people).
Response time from Barrow would likely be less than three hours; a memorandum of understanding
exists between ACS and the Borough to ensure that the equipment will be available in an emergency.
Neither helicopter would be available in the case of any pre-existing or new life threatening situation
which developed during the spill.

There are no heavy lift helicopters permanently based in Alaska outside of the military. Columbia

Helicopters may be able to release a Boeing-Vertol 107 (10,000 1b) from ongoing logging operations
*in southeast Alaska, but this would need to be negotiated at the time. Travel estimates from
. Ketchikan to Deadhorse are ~15 hours in July and 2 days in October. The same company has a

number of Chinooks with up to 14 tons external sling capacity, but the only two machines in North
America are on long-term contracts and neither can be considered available. The 107 or Chinook
are essentially flying shells with a hook and are not certified for passengers or internal loads
(Patterson, pers. comm ) _

Fixed wing aircraft are primarily useful as an airborne commanci post and for regular mapping of
contaminated area and oil movement; the ARCO Twin Otter based at Kuparuk is well equipped in
this regard, with FLIR (Infrared) and high resolution (low light) video linked to onboard GPS and

compatible with Geographic Information System (GIS) mapping systems like Mapinfo. The system

can be installed and ready to go in 25 minutes and with an endurance of 4 -5 hours, the Twin Otter
could serve as an airborne command post to coordinate offshore activities. A typical altitude for the

1
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" initial mapping pass over an incident is 2,000 ft. Swath widths are variable with 10 1 zoom. For

example, from 1,000 f, coverage would range from 150 to 1,500 feet.

The most favorable condmons for IR detection tend to be thm oil films on water at night. Surface
temperature discrimination has been tested to 0.2 °C. Airborne video will see discoloration of oil
on snow but there could be confused targets with dirt on the ice in July. Fine oil mist mixed with
snow and/or slush ice (expected to be a common condition in most broken ice spills) is probably the
most difficult s1tuat10n for detection (Parrish pers. comm.)

With the reconnaissance package onboard, the Twin Otter is certified VFR, which sets the operating
limits as three miles and/or 500 ft ceiling at Deadhorse and anywhere in the Prudhoe Bay Unit (PBU)
at night. During daylight hours, ARCO has FAA clearance to file VFR with forward visibility down
to one mrle

There is no shortage of medtum ﬁxed wing utility a:rcraﬁ in Alaska (e.g, Caravan, King Afr,
Navaho etc.). A wide variety of machines could be in Prudhoe within four hours of a call out.
Heavy lift freighters are available through operators in Anchorage, principally Northem Air Cargo
(NAC) and Lynden, with payloads ranging from 12 to 23 tons (e.g., DC-6, Electras, L382 Hercules).
Given the time needed to order and assemble any heavy loads for supplemental spill response gear,

, the availability of aircraft in this category is not expected to be the critical path. ACS has an existing

MOU with NAC which calls for a dedlcated DC-6 aircraft to be ready to load in Anchorage for
example within 2 hours. .

Angggn_&gqmm refer to selected spec sheets, ACS Avratron Support Guide, company/agency
contact lists. .

3

Marine ]:unipmem

All vessels presently known to be at Prudhoe Bay and having some potennal to support a response
operation in broken ice are descnbed below.

Tugs and barges are the most important pieces of offshore marine equipment, with demonstrated
capabilities in a wide range of broken ice conditions; barges provide a stable, safe working platform
as well as the necessary storage volume to support skimming opcrauons A wide mix of smaller
vessels are also available from various sources to support a spring break-up operation; only a few
of these have any significant application during freeze-up.

. Ice strengthening is a definite advantage, but not essential in the spring or in the early stages of

freeze-up. Non ice strengthened equipment can operate effectively in high concentrations of broken
ice with careful handling, as demonstrated by the oil industry and sealift operators in the US and
Canadian Beaufort offshore areas over the past 30 years or more.

The most serious operating concerns relating to the freeze-up scenarios are: (1) breaking out from
West Dock and reaching the Northstar spill site; and (2) maintaining a channel through the new fast
ice along shore to allow lightering of recovered product to shore; and (3) managing a number of
barges offshore in moving ice with only one or two powerful tugs (Note: from 1998 on, it is
expected that two Point Class tugs will be available again). An additional concern involves the

\
"
. .. . =3-
'
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possibility that any oil water left in the tanks for an extended period in October could start to freeze
solid, at which point pumping out may be impossible until the following summer. This problem can
be prevented by careﬁ.ll decantmg of recovered fluids before filling barge tanks in a freeze-u,
s:tuatlon

4

: The shortage of tugs may become a hmltmg factor, particularly in the higher ice concentrauons

when anchoring in moving ice may not be possible. In 3/10 and 5/10 ice, the shallow draft River
class tugs may be able to manage at one or possibly two additional barges on site, while the more

. capable Point tugs are dedicated to the Endeavor to fully utilize her icebreaking capability. In 7/10

of ice it may not be feasible to lighter with the Endeavor while leaving other barges and systems
offshore at the same time (assuming that any marine equipment could be broken out from West Dock
and moved offshore through over a foot of fast ice).

' From discussions with the operators, the following ice limits are suggested for barge operations afier

freeze-up. Note: these limits should be treated as a rough guide; there are no hard and fast rules
which will apply in every ice situation Depending on unpredictable factors such as air temperature,

_snow on the ice, and winds compacting and deforming the new ice, a tug and barge which may be

making steady progress one day can be stopped twenty four hours later in conditions which appear
visually to be the same. , :

~

"Suggested Guide: to Barge Operating Limits in Solid Icc;

4

Endeavor 14 to 15 inches of solid unbroken (fast) ice with two
(icebreaking bow) . Point Class tugs, up to 12 inches with one Point Class tug,
‘ - and up to 24 inches partially consolidated ice in a previously
‘ broken channel. The Endeavor can operate in thicker ridged
or rafted ice (over two feet in places) by taking advantage of
" cracks and leads to maintain forward progress, not necessarily
in the direction desired (Sawin, pers. comm.)

Crowley 200 series . 4to 6 inches of solid uni:roken ice or up to 9 inches r

" (non ice strengthened) of broken ice in a fresh channel through fast ice (1e ina
. : convoy situation behind the Endeavor)
Lynden 20 and 23 4 to 6 inches of solid unbroken ice ot uptoabout12
(ice class barges) inches of broken ice in a fresh channel (estimated as poss:ble
_ with sufficient tug power)

Note: The above 'guidelines refer to very close pack ice or compact ice (9 to 10/10). Itis
assumed that all of the barges presently on the slope could operate in closely packed broken
ice offshore at slow speed during October and November up to about 7/10 concentration.

The estimated minimum time to mobilize tugs and barges from a cold start in October is two days
(Roth, pers. comm ), following which some additional time may be needed to install response
equipment, accommodation modules etc. Hopefully, much of this could be ongoing while the
equipment itself is being mobilized. Mobilization in July becomes a matter of hours as the Point
tugs are usually operating by July 4-5 out of W Dock.

o 1 .
N ' .
o t.
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The greatest uncertainty surrounds the question of whether or not marine equipment could be broken
free at West Dock and moved offshore through solid ice over about 8 to 9 inches ie., two of the
freeze-up scenarios considered here (Sawin pers comm.). .

Only the Endeavor and Challenger (presently in Seattle) have true icebreaking bow forms and a
flared hull to clear ice while under way. The Endeavor demonstrated her ability to break well over
a foot of new ice during sea trials in the fall of 1982 and she has operated in much thicker ice for
short periods. Other barges will break some solid ice but rapidly become limited by the power
available to overcome the resistance of the blunt bow which tends to plough ice and snow ahead of
the vessel. Slush ice build-up can quickly become the limiting condition, even in very thin ice (less
than 4 inches). Hatfield and Dickins (1981) estimated that a conventional barge shape would have
great difficulty breaking over 6 inches of new ice in freshly broken channel. Multiple passes along
a single channel may increase this limit to about 9 inches temporarily, but the enhanced ice growth
from overturning cold ice blocks will begin to seriously affect vessels progress after a relatively
small number of passes. It may be necessary to transit with the Endeavor back and forth to West
Dock every 48 hours just to maintain the broken ice channel in a partially consolidated state.

Shallow draft tugs such as the Sag River also have a barge like bow shape and tend to stop moving
forward as they ride up on the ice. This problem can be overcome by mobilizing the less capable
tugs and barges as a convoy behind the Endeavor. Once offshore among broken floes, the River
Class tugs could still operate effectively for part of October. These smaller tugs would be most
useful in a July broken ice condmon when they could push barges in shallow water through rotting
floes (see below).

Broken ice at break-up usu;llly presents a much easier case for conventional marine equipment. The
exception would be if the ice becomes pressured through wind packing. Regular tugs and barges
can push their way (slowly) over long distances through rotting floes in high concentrations (up to

' 9/10), as demonstrated in past operations and trials. The industry Task Group carefully documented

the July 1983 trips with the barge Endeavor and two Point class tugs from Barter Island to Prudhoe
Bay, and with the barge Satco 10 and tugs Fox and Bear from Flaxman Island to Prudhoe. Even
without an icebreaking bow, the Satco barge was able to cover 55 nautical miles at an average speed

‘of over 2 knots in over 7/10 ice. In areturn convoy from Barter Island, some 15 conventional (non

ice strengthened) barges and ten tugs made it back to Prudhoe without mishap though 106 miles of
heavy ice. ;

- It was concluded from these experiences that non-ice-breaking tugs and barges can operate

effectively in close pack ice (7 to 9/10) when the ice is an advanced stage of melt, and is not under
significant pressure. In their "Evaluation of Industry's Oil Spill Countermeasures Capability in
BrokenIce", SL Ross (1983) concluded that an ice strengthened barge with two tugs could negotiate
substantial stretches of broken ice in concentrations of 8 to 9/10 in the spring. High power is not
essential under these conditions, and a much wider variety of smaller work boats under 1,000 hp can
still provide useful support for spill response (mcludmg moving the large 200 series (60 X 200 ft)
barges short distances). |

Primary Inventory: covering mostly heavy equipment with substantial capabilities in most broken -
ice scenarios
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Crowley Marine Services )
_Endeavor (ABS Class Al) 16,000 bbl at 9 ft draft (W. Dock limit)

90X205ft . 21,700 bbl at 12.5 fi draft (offshore storage)
Icebreaking barge liquids + dry deck cargo

Typical Ice Limit: 1.2 ft continuous in October, 2 ft rafted in
spots with 2 Point Class tugs (up to one foot solid ice with a

single Point Class tug) -
BG 210/211/213 | 5,500 bbl liquids, stern ramp + dry deck cargo
60 X 200 ft ° T . S
. non - ice strengthened Notes: 211 & 213 in Seattle at time of writing (due back at

, Prudhoe, summer 1998); 211 has a 16 person camp; 213
. lacks current inspection certificate as a tank barge (assume
waiver for temporary storage inan emergency)

- Typical Ice Limit: 4to 6 mches at freeze-up or thicker floes

at break-up
BG 215/216/218 Deck barges, non ice strengthened
60X 200 ft ° ‘ . Typical Ice Limit: 4 to 6 inches at freeze-up

Point Barrow/Point T| homoson Twin screv;r nozzles, ~ 47,000 Ib
2,110 hp bollard thrust, 8 - 9 ft draft

" Most useful offshore for Northstar scenarios at freeze-up

Sag River/Tooltk River/Kavik R. Triple screw, open props .
' 1,100 hp ~ 22,000 Ib bollard (est.), 3.5 ft draft

Most useful inshore for Pt. McIntyre scenarios at break-up
(still able to operate in broken ice for part of October - move
oﬁ'shore inconvoy)

* ‘ v »

Endeavor is scheduled to leave the Beaufort for USCG inspection late 1998 or 1999 No decision has been
made on whether this barge will be posttioned back into the Beaufort (Tornga, pers. comm ) The Endeavor
is the most ice capable vessel in the US Beaufort and the only barge able to operate offshore in most years up
to the end of October, Crowley maintains a much larger and heavier icebreaking barge in storage in Seattle,
the Arctic Challenger Thus vessel has dimensions of 90 X 205 ft with capacrties up t0 22,000 bbl ata 9 fi
draft or 50,000 bbl at 16 7 ft draft. Challenger 1s designed to be pushed through thicker ice with over three
times the horsepower of the Endeavor. With two 6,000 hp tugs, this barge could operate routinely in level ice
up to about 18 inches (early to mid-November) No decision has been made to keep the Arctic Challenger in
the long-term Refer to discussion on future possitilities at the end of this section

Note at the end of September, Crowley wintenizes all of 1ts vessels, leaving the 200 series barges pushed bow
on into the beach near West Dock, with the Pont Class tugs moored in deeper water at the stern of the barges
and the shallow draft tugs hifted out of the water onto the barge decks. Endeavor is moored bow 1n to the
causeway alongside West Dock.
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Lynden Incorporated (Beaufort Marine J.V.) )
Beaufort 23 ' . -
34Xt ' Deck cargo: West Docks 2 and 3
Chartered to ACS - 1997 ’ (600 tons) at draft of ~5.9 ft.
for use with the Trans Rec (light draft 1.8 f1) g

Ice Class ABS 1A (second highest)

- Probable ice limit in October: 5 to 6 inches in a

. ‘previously unbroken sheet or up to 9 in broken
. ) channel |

- * 4 . , \
Beaufort 20/21 Deck cargo: West Dock 3 (1,500 tons)

60X 202 ft at draft of 7 ft (light draft = 2.8 i)
A : Fuel: 12,200 bbl in 8 tanks at 7.8 ft
Ice Class ABS 1AA (highest)
Probable ice limit in October: 5 to 6 inches in a
previously unbroken sheet Y

=

" % ' - N
Arctic Bear ' 51,000 1b bollard, twin screws in nozzles

/1,700 hp Min draft 6 fi (8 ft icebreaking) , a
' . Ice strengthened, est. icebreaking capability similar to

. . Point Class Crowley tugs (~6-8 inches).

Arctic Tern | 20,000 Ib bollard, twin screw shallow 730 hp draft
(3.5 ft). Most useful for break-up scenarios
- . ) (no significant tcebreakmg capablhty)

presently in Seattle with the Beaufort 21 - possible tow to
Prudhoe summer 1998 - no decision has been made on over-
_wintering this equpment at the present time (Lynden, pers
comm )

There are numerous smaller work boats and barges available in the Prudhoe Bay area (see -
" general list below and attachments). Most of this equipment could be used locally in

Prudhoe Bay during break-up but, few if any of these vessels have sufficient power to break
more than a few inches of solid ice nearshore aﬁer freeze-up.

As described above, the main problem in October is being able to make passage through the
band of thin fast ice separating West Dock from the broken ice offshore. Jet drives and
outboards are not considered useful in a freezing environment with slush in the water (ACS

pers. comm)

S

Work boats with screws (e.g., North Star and new 42 fi. vessels being delivered to ACS in

.1998), could potentially operate offshore for part of October by being transported out to the

spill site as deck cargo on one of the bargee. Previous demonstrations have used a heavy lift

i
~

-

i
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Skycrane to sling the North Star oﬁ'shore Once on location in broken thin i 1ce, these smaller
boats could work locally to support the skimming systems. )

-

: 1 lean Seas

New 42 ft (1998) X 2 ' 2.5 ft draft, with push knees to handle
870 hp i . ++, 200 series barges. Unknown potential in ice but
expect good utility in 3 to 6/10 at break-up and
some applications offshore
. in early October

¥
-

Northstar - 32 ft .. Usually last boat out of the water in mid-October.
‘ * * Straight shaft, twin screw. Could be used offshore
- for part of October. . ‘

38-55ft (5intotal ' ‘ " All jet drive (assume no capablhty under freezing
* 7 conditions)

14 to 28 ft (~45 in total) mix of jet drives and outboards skiffs, inflatables,
* 7V hull, flat bottom, and landing craft (see ACS
listing) ‘

Caribou and Lemming (2} . ~ Deck barges (non ice strengthened)
60 X 160 ft One at East Dock, one at West Dock. These
\ < barges are ex-ARCO with no current USCG
certificates. Useful to support spring operationsin
shallow water - not recommended for offshore use

at freeze-up.
flexa float barge (2) ) ) Shallow draﬁ,bSO ton capacity
- 40X 140 ft : Self propelled hinged out drive

Expect limited capability in ice over 3/10.
Most applicable to shallow water response and in

y T

! | « | support of shoreline clean-up in July.
- ) \: h i v :\ ! :
Mop King (Landing Craft) Twin screw w/5 ton crane . L
o N ) Q -t B l S .
Annika Marie - 3,5-ft draft research/work boat, fibreglass hull
14 X 43 ft %+ Expect limited ice capablhty up to about 5/10
(summer only) . .
. h - s J ’
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Catamaran ) Seismic vessel, sleeps 12, good working deck area
69 ft + Unknown ice capability - possible use in July only

b s

Qut-of-Regi ine Equipme

There is no practical means of gaining access out of region marine equipment beyond those
resources which are on hand at Prudhoe Bay in July or October. Exceptlons would be small
work boats which could be brought up the haul road or shipped by air. ‘

The mventory of avaﬂable marine equipment in the Beaufort Sea region has become much
more limited since offshore exploration and development ended in Canada in the late 1980's.

All of the ice capable barges, supply ships, and icebreakers once operated by Amoco and
Gulf have now left the Beaufort Sea. Northern Transportation Company (NTCL) operates

, an extensive fleet of powerful tugs and barges (non ice strengthened) along the Beaufort Sea

coast between late July and September 30. They recently acquired two ex-Canmar ice class
barges (thought to be US bottoms - Jones Act exempt), but the company has no plans in the
future to winter-over these or any other ice capable equipment within reach of Prudhoe after
the end of September (Briggs, pers. comm.). Similarly, the Canadian Coast Guard is no
longer committed to maintaining icebreakers in the Western Arctic.

. At present the most capable icebreaker operating along the Alaskan coast in any given year

is likely to be the 22,000 shp Kapitan Khiebnikov on tourist cruises. This class of vessel
could operate in the vicinity of Northstar for much of the winter, but would be restricted by
draft from approaching any closer to shore. At 9.4 m draft, the USCG icebreakers which
occasionally appear in the Beaufort Sea area on research voyages have the same problem.

Marine Attachments: refer to selected spec sheets, ACS Marine Vessel Support Guide, -

company/agency contact lists, photographs of barge operations in broken ice from the Tier
II demonstrations. ) ;

Air Cushion Vehicles

Hovercraft (often referred to as ACV'si offer a number of unique advantages over other .
- forms of transportation, especially in shallow water areas with a mix of ice and water.

To make up for the relative lack of direct experience (compared with conventional marine

" equipment), this section provides background on hovercraft capabilities, with an outline of

their history and operating record in different ice environments in Canada and Europe.

ACV's are completely amphibious and can travel just as well over a mix of broken floes as
they can over solid ice or open water. At the same time they can come up on the beach to
be loaded or unloaded on dry land before returning to the spill location. Major limitations

' 3

‘
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are strong winds (>25 kt) and the possibility of skirt damage in very rough ice. As to be
expected with a hybrid vehicle combining marine and acronautical technologies, the older
designs of ACV's (represented by the LACV-30 presently on the Slope) tend to require ahigh
level of maintenance. One machine cannot be expected to operate contmually without blocks

of time each day set aside for maintenance, This is taken into account in estnnatmg a

conservatlve lighter rate for ACV's used as part of the loglstlcs solution.

Air cushlon vehicles have a long history of arctic trials and opcratxons dating back to 1966.

Dickins (1989) provides details of many of these experiences in Canada the United States
and Scandinavia. Examples include: a pioneering 4,000 mile trip from the UK to Sweden
in 1972 by the BH.7 (including 1,100 miles over a mix of solid and broken ice); a year-
round freight operation with two SR.N6 machines over ice and open water in the Mackenzie

- Delta from 1974 to 1977, and trials with the Jefi{A) at Prudhoe Bay from November 1983

to July 1984 (mcludmg a test run from East Dock to Challenge Island and back in mid-July
over rough rotting ice with a 75 ton load). A review of air cushion vehicle applications for
spill response on the North Slope for the Alaska Oil and Gas Association (AOGA) concluded
that, for a large part of the year, ACV's offer the only reliable means of carrying heavy loads
safely to offshore sites in the Beaufort Sea (Dickins, 1979). .

The Canadian Coast Guard used a Bell Voyageur (less powerful prototype to the I_:ACV-3O
presently available in Alaska) on routine icebreaking operations, spill response, and aids to

navigation maintenance on the St. Lawrence River from 1974 to 1988. Every spring, this

craft prevented millions of dollars in flooding by breaking up the riverice and preventing ice
jams; typical ice thickness' broken at about 10 knots ranged from 19 to 20 inches. Ata
slower speed (2 to 4 knots), the Voyageur broke about 10 inches of ice by mu'oducmg an air
cavity under the sheet. The AP.1-88 replacement for the Voyageur (a cargo version of the

craft in Lynden's fleet in Anchorage) has performed similar duties, including 1cebreak1ng, .

for the past ten years (1988 to 1998). A newer more powerful AP.1-88 derivative is about
to enter service with the Montreal Coast Guard hovercraft unit (1998). ,
From 1984 to the early 1990's Scandinavian Airlines System contracted for up to three AP.1-
88 passenger hovercraft (100 seats) to operate between Denmark and Sweden over a variety
of ice conditions, often encountering rough broken floes and ice rubble. Even in the most

. severe winters (temperatures down to -8 °F) these craft still managed a reliability of 80 to

85%. Over 27 months between 1984 and 1986, two craft carried 310,000 passengers.

At present, Ljrﬁden Incorporated (Alaska Hovercraft) maintains the only fleet of air cushion
vehicles in Alaska. Of primary interest for the oil spill response role are the LACV-30 (ex
US Army ship to shore lighters) with a 30 ton payload capacity and a large open working

_ deck (32 X51 ft). This vehicle can carry bladders or the standard intermodal 5,000 gallon

(20 ft long) fuel tanks on deck One of these craft is stationed at Prudhoe Bay on cold stand-
by, with an estimated 24 hours required to mobilize with a crew out of Anchorage.

A further 6 machines are kept in Anchoragc.; in different states of readiness. With special
road clearances for a 30 ft width, it would be possible to transport one of these hovercraft by

-

) -
- et l
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" trailer to Prudhoe over a 2 to 3 day period. Expected total mobilization times from first call .
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to arrival at Deadhorse from Anchorage are: 5 days for the first, 10 days for the second, and ~
one rnonth for the third and fourth machines

In addltlon to the LACV-30, Lynden has two AP.1-88's ceruﬁed for 88 passengers or up to

8 tons internal small package type loads. One of these craft is in Anchorage and could also ™
be moved by road to the North Slope in an emergency within one week. Although not
optimized for freight, Lynden's AP.1-88 would be the safest and most effective way of
moving large numbers of people to and from the Northstar spill location in October.

Both of these designs have proven themselves with extensive over-ice experience under ice
conditions often more severe than expected off Prudhoe Bay in October. When icebreaking
is not the primary mission, the LACV-30 can cruise at over 40 knots over young ice while
causing only superficial cracking. While the load center must be kept within prescribed c.g.
limits while onr cushion, the craft can also act as a stable self propelled barge in the
displacement mode with skimmers and equipment over the side (taking care to lift up on
cushion periodically to break the ice around the skirts and underneath).

Although ice needs to be cleared periodically from exposed surfaces under freezing
conditions, hovercraft have not experienced any significant problems with propeller icing
even over thin breaking ice. SAS avoided operating at low speed on cushion over open water

. in freezing conditions to limit ice build-up on the superstructure (another altemnative is to

drop into the water and move forward on partial cushion with the skirt in the water to trap
spray). Other procedures included hot water/glycol spray at base (similar to aircraft deicing -
rigs at airports), and operating at lower cushion settings to reduce air flow and associated
spray in freezing conditions. As ice concentration increases the severity of superstructure
icing rapidly decreases. The worst areas tend to be close to the ice margin where there is a
greater opportunity of wind waves and spray. Dickins (1983) provides a detailed summary
of all known ACV cold climate operating expenences, along with operational measures taken
to deal with specific conditions.

During October, strong winds over 25 knots persist for 10% of the time on average (Ref.
Table A-2 in Appendix A). These winds are close to the operating limits for the LACV-30,
especially in conditions of freezing spray. There are no known limitations in operating over
broken ice in the spring. Winds are much more moderate at that time of year, with situations
over 25 knots occurring less than 3% of the time,

Example ACV Lightering Scenario: The LACV-30 operated by Lynden (Alaska Hovercraft)
was designed as a ship to shore lighter. This machine could transport 5,000 gallon (119

" barrel) loads from a spill site at Northstar to West Dock in less than 18 minutes travel time

regardless of ice conditions (assuming a conservative 25 knot block speed). With two
machines operating in parallel during daylight/twilight hours averaging 10 hours in October
(allowing sufficient time for repairs and maintenance at night) the LACV-30's could lighter

. aminimum of 1,800 barrels per day based on one return trip every 70 minutes (36 minutes
_ travel, and 34 minutes transfer), and allowmg for at least two craft refueling.

With high volume transfer pumps at each end and a typical cruise speed of 30 knots, it
would be possible to achieve a return time of less than one hour. - For the first half of

-11- , - .
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. October, with 12 hours of natural light for operating, a daily throughput of 2,600 barrels is

considered achievable (amounting to 17% of the blowout flow rate). It should be noted that

"with searchlights and GPS navigation, hovercraft are capable of operating safely in

conditions of darkness and poor visibility which would ground all but the most sophlstxcated
IFR helicopters. ,

Depending on the encounter rate and throughput efficiency of the skimming systems, it
appears that the air cushion vehicle is an effective means of lightering recovered product
while allowing the tug and barge systems to stay on location for as many hours as possible.
Given the shortage of capable tugs to manage barges offshore, the air cushion vehicle option
offers significant advantages, particularly in the 5/10 and 7/10 ice concentrations.

ACV Attachments: LACV-30“ and AP.1-88 spec sheets, photographs of hovercraft over
broken ice (SAS, Canadian Coast Guard, British Hovercraft Corp )

Summary of Logistics Effectweness

Logistics options can be divided according to three broad effectiveness factors: transport.
from a shore-based staging area to and from the splll site, on site support for the response
operation, and mobilization 1umes ‘

»

L. Transport: payload (welght and volmﬁetric constraints), transit time, ability to
deal with the ice, and weather limits (expected worst-case downtime).

2. On-site support: deck area, internal or deck tank storage for recovered product,
weather and ice limits, maneuverability in ice, and accommodation.

3. -Mobilization: factors include a combination of crew travel time and time needed

for equipment preparation and warm-up. Personnel may have to flown-up to the

" slope, and equipment may have to be taken out of storage and/or de-winterized.

These factors are particularly acute in October as the heavy marine equipment is

normally prepared for winter lay-up by the end of September. Crowley estimates

about 48 hours for a cold start-up dependmg on weather and ice conditions atthe * .
time. y

Tablt; F-1 summanzcs these effectiveness factors for each équipment category.

-
3 B
»
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) + " TABLEF-1" -
Logistics Effectiveness Summary
" | Category Transport . | On-site Support | Mobilization Time
" (hours)
Fixed Wing' light N/A .} ARCO Twmn Otter one hour from call
for remote sensing !
Fixed Wing: heavy | Anchorage to Prudhoe §N/A 2 hours to Joading
' Seattle to Prudhoe . ’ 9 hours to loading
. 24,400 Ib (DC-6) to ! )
: 46,000 1b (Hercules) ’ . :
Helicopter: light 4-6 persons or helitorch, surface July - 2/3 machines in
- samples, reconn , ice 2 hours
Bell 206/BO105/Astar | 300 -2,200 b tracking beacons 1(';Irct = 1/2 machinein 2
ours
i additional machines
) . from Anchorage m 6
* L “{ hours ,
Helicopter: medium July - non available
12 persons or 3,00015  { reconn + freight transfer
Bell 212 . Oct - 2+ 1n 6 hours
Helicopter: heavy 9 - 22 persons July (107) 1mm 15h
- 7,900 - 10,000 Ib shng  § freight transfer July (214)2in25h
. Oct(107) 1+in24h
é;gﬁ; 9 Note. 107 not cert. for ' Oct(214) 2+in25h -
passengers ’
Marine Tugs/Barges | . manne base for Oct - 48 h to start-
« 1600 1to0 2,700 tons + helicopter operations, up, estimate 60-72 h to
¢ capacity on deck cargo | accomm barge, spill arrival on-site
barges * | response barge, .
recovered liquids July-2-4horless
Total Barges 4-5 storage notice after July 5 (typ )
tank/deck combmation ' expect 12 to 16 h to on-
barges, and 3-4 deck . | Offshore storage as site with equip loaded
cargo only (# m any Ice Str. Barges
givenyeardependon  {.1@ 12,200 bbl
dry-dockmg schedules) { Non ice str. barges -
- ’ -2-3 @ 5,500 bbl '
Total Tugs 5-6 Icebreaking Barge X
’ ‘ -1@ 16,000 bbl ’
Support Boats - ’ .
- 1 hight freight + Spring break-up July - 6 to 8 hours
- ACS ﬂéﬂ + other - personnel (Juty) - skunmer platforms gn-she depending on
Prudhoe Contractors & . L - boom tending R Ll
BP . | no significant ice - temporary storage =
- . capability in Oct . ; October - hmited utility
. except Northstar & 2
i ) ) new ACS boats (1998)
. - -13- ‘
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Category Transport On-site Support Mobilization Time
' I (hours)
Air Cushion ‘ :
Vehicles - « personnel rotation - skimmer platform with § July or Oct
- recovered o1l highter deck tanks (transfer to
T K A P 0
- LACV-30 (30 tons) .
_ i Note est. hghter * AP.1-88 from
_ § capacity between * Anchorage in 5 days
Northstar and West Lo .
Dock - 1,800 to 2,600
bbl/day with (2)
machines

Options to Improve Logistics Capal;ilities

Future logistics options involve asking a number of what if questions. For example, what

_if there were dedicated heavy-hift helicopters on the Slope? what if there were more capable

icebreaking barges and tugs etc.?

Inreducing what could be an endless list of possibilities, it helps initially to identify possxble
solutions to deal with the particular deficiencies in the existing logistics resources currently
available in the Prudhoe Bay area. The significance of these deficiencies must be weighted
against the needs of specific scenarios. For example, the lack of heavy lift helicopters may
not be significant if it turns out that there is no great need to sling heavy loads offshore.

Based on the equipment overview presented above, a number of potential logistics
shortcomings stand out during periods of broken ice in July, October and early November.

Shortage of helicopters with any significant load carrying capacity or IFR
capability (particularly in July when almost all commercial machines are fully
committed). Offshore scenarios in October or November may need twin engine
IFR to establish an acceptable level of safety and reliability. The only short-
notice source of medium/heavy lift equipment is the SAR unit at Point Barrow.

" Given thc;. difficulty in operating small support boats under freezing conditions

in October, there are only two possible avenues to move and support large
number of personnel offshore: air cushion vehicles and helicopters.

Possible solution: (1) rely on military support for a long term response beyond
72 hours; (2) contract for amedium/heavy lift helicopter(s) (c.g., Puma, Bell 212
or 214) to be available within a specified number of hours out of Anchorage; (3)
plan on using air cushion vehicles as fast offshore work "boats" at freeze-up.

w.
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Shortage of ice capable barges and tugs. This deficiency is most cntlca] for the
October scenarios; in most years there are only two tugs (Point Barrow and

Thompson) with sufficient power to move conventional barges through more than ’
a few inches of ice, and maintain a channel between West Dock and an offshore . .

location such as Northstar (only one of these tugs was on the Slope through the

. winter of 97/98). Lynden's ice strengthened tug the Arctic Bear may be operating

out of Prudhoe Bay from 1998 on. There is only one barge, the Endeavor,
. capable of transporting deck cargo and recovered liquids through more than about
" 6 inches of ice, a condition which is often reached by October 10. Other barges
are capable of operating in broken ice offshore until later; the limiting condition
becomes one of gaining access to and from West Dock through the new fast ice
beginning to extend out from shore. Regardless of the type of barge or tug, .

" marine operations will eventually have to cease as the ice builds up in late
, October or possibly early November in a favorable year.

' Possible solution(s); (1) contract for an additional powerful tug capable of

supporting and moving barges in broken ice; (2) contract for an additional
icebreaking barge capable of maintaining offshore logistics resupply with heavy -
loads and recovered liquids through October and into early November (ideally -

capable of routine operations in 1.2 to 1.5 ft of solid ice); (3) utilize hovercraft

‘as the primary method of transportation to and from shore, leaving the barges

primarily as offshore storage, response platforms and accommodation support.
Two LACV-30's are capable of lightering over 1,800 bbl of recovered fluids in
a ten hour day over the 8 mile run between West Dock and Seal Island
(Northstar)

Mobilization times for heavy marine equipment, parncularly in Octobcr when
tugs and barges presently on the slope are already in a state of winter lay-up.

" Mmimum time from first call to arrival on-site (e.g., Northstar) of a fully

equipped response barge would be between 48 and 72 hours. Minimum time to
obtain a single operating air cushion vehicle would be 24 hours.

Possible solution(s): (1) contract to maintain critical equipment such as the
Endeavor, both Point Class tugs and an LACV-30 hovercraft in a state of "hot
standby” in October - that is delay the winterization; (2) conduct regular
icebreaking around West Dock and along a channel leading to open water and
broken ice further offshore for as long as possible through October; (3) maintain

. a dedicated ice breaking, or ice strengthened oil response barge with the most

appropriate equipment to deal with a broken ice condition onboard in a state of
operational readiness for as long as the ice allows.

. A sustained offshore opere;tion may deﬁend on having the ic;,breaking barge

available as a shuttle to and from West Dock. In that case it would be logical to
use the ex - SATCO ice strengthened barges with conventional bows (operated
by Lynden), as a dedicated oil spill response platform(s), and the non-ice
strengthened series 200 barges as back-up on site storage for as long as they are
able to operate. The Endeavor would be left as the primary means of lightering -

. e15-
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large volumes of recovered liquids to a shore tank farm. The only practical
altematwe to this approach is to rely on hovercraft as lighters.

Lack of any means of accessmg an offshore 'spill location with conventional
marine equipment (existing) from early to mid-November. As discussed above,
even icebreaking barges reach their realistic operating limit in about 1.2 ft of

- level ice in Jate October or early November. By the third week in November

there is a very low probability of expenencmg broken ice in the vicinity of Seal
Island (Northstar). In early December, ice road construction can usually begin ~ -
and offshore response can start to use the ice surface as a reliable working -
platform. This leaves ten to 20 days in late October and November when the
available marine equipment may no longer able to access the offshore area from
West Dock. Air cushion vehicles could provide the only possible form of surface

. access to the spxl] site at this time.

Bg_sghlg_&]mgn_(s)‘ (1) contract fora LACV-30 hovercraﬁ through the critical

. period from early October to early December; (2) utilize a more capable ice

Contacts

breaking barge such as the Arctic Challenger to expand the marine operating
season (this would require substantlally more powerﬁxl tugs than those currently
available at Prudhoe Bay)

Names with telephone numbers indicate mdmduals contacted durmg the course of this

project.
Alrcraft an;i Helicopters . ' : '
ERA“Helicopters, Anchorage - BobLaw " (907) 248-4422
’ Lyndep Inc. - .. Dave Haugen ’ (907) 245-1544
‘Northern Air Cargo L see ACS agreements
Air Logistics, Fairbanks | owner Alyeska BO-105 (helitorch)
Evergreen Helicopters, Anchorage ° ‘ misc. Hgilt machines
" North Slope Borough SAR Umt, -emergency call out with Bell 214ST
Barrow - :
Columbia Helicopters, Oregon.~~~ DonPatterson +  (503) 678-1222
ARhCO Flight 01:;erations (Kuparuk) Denis Parrish | o &907) 659-7626
Marine Equipment & ’ “ . '

1 19 IS SIS S
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Crowley, Anchorage Craig Tomga' ' (907) 257-2822

Crowley, Seattle . . Richard Roth?  (206) 340-2904
’ Chris Sawin® + (206) 340-2904
, ; General Manager - Alaskan Operations
3 Manager Pacific Operations
Arctic Operations Manager
Lynden Inc. (Beaufort Marine J.V.) David Haugen - “ (907) 245-1744
Northern Transportation Company Derek Briggs (403) 874-5100
Hay River, NWT Canada . . .
Air Cushion Vehicles ~
Alaska Hovercraft, Anchorage David Haugen (907)245-1931 -
) Referénces for Appendix F ‘

Dickins, D.F. 1989. Arctic Transportation. in N i
Applications Ed. J.R. Amyot, Elsevier Science Publishing, Amsterdam.

Dickins, DF. 1984. The Jeff (A) Arctic Test Program. In: Proceedings, 1984
International Conference on Air Cushion Technology, Vancouver (includes results
from a spring demonstration over broken ice in the Prudhoe Bay arca).

Dickins, D.F. 1979. 'Review of State of the Att Arr Cushton Vehicle Capabilities in '
Support of Qil Spill Clean-up Operations in the Alaskan Beaufort Sea Nearshore.
report by DF Dickins Engineering for the Lease Sale Planning and Rescarch
Comxmttce, Alaska Qil and Gas Assoctatlon. P

Hatfield, P.H. and D .F. Dickins. 1981 Preliminary Conccpt Feasibility Study- Barge/Tug -
Operations in Broken Ice Behind an Air Cushlon Vehlcle for SOHIO
Construction Co., San Francisco.

< Indus'a:y Task Group (Amoco, Exxon, Shell, Sohio). August 1983. Oil Spill Response In

" the Arctic - Field Demonstrations in Broken Ice. prepared by A. Allen and J.
:Lukin, Anchorage ‘

SL Ross Environmental Research. 1983. Evaluation of Industry s Oil Spill

Countermeasures Capability in Broken Ice Conditions in the Alaskan Beaufort
*  Sea.’ for Alaska Departmcnt of Environmental Conservation.
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Appendlx G -
Probablllty of Very Large Blowouts Dunng Broken Ice Periods .

- It must be recognized that the oil well blowouts in this study, mvolvmg up to 225,000 barrels of oil
. spilled, are extremely rare events That they would occur during the brief periods of broken ice adds

to their extreme improbability. The purpose here is to work through some calculations to
demonstrate how truly remote the possibilities are.

A study for BP Exploration (Alaska) Inc. was recently completed on the probability of blowouts and

oil spills from the planned Northstar and Liberty oil development projects in the Beaufort Sea (SL
Ross 1998). The following analysis was drawn from that study. We restrict ourselves to blowout
probabilities associated with the Northstar venture. The situation for Point McIntyre would be
similar. We also restrict ourselves to what we call “very large” oil spills, defined as being larger than
10,000 barrels and “extremely large” oil spills, defined as being larger than 150,000 barrels, a size
that corresponds to the ones considered in this broken ice study, The following analysis is based on
the assumption that drilling and production operations are equivalent in safety terms to offshore
drilling elsewhere. The analysis can be considered conservative given that the drilling is actually
taking place on land (artificial, gravel 1slands), which is known to be safer than drilling offshore. -

Historical Statistics . ‘ a " -
In the U.S. only two moderate-size oil-well blowouts involving oil spills greater in size than 50,000
barrels have occurred since offshore drilling began in the mid-fifties. One must look beyond the U.S.
to find a reasonable database on very large and extremely large offshore oil-well blowouts. Table G-
1 lists all worldwide blowouts involving the spillage of more than 10,000 barrels each. For our
definition of "extremely large" spills, that is, oil spills 150,000 barrels in size or greater, it is seen
that there have been five such spills in the history of offshore drilling, two of which occurred during

+ development drilling and two of which occurred during productlon or workover activities. The fifth

was from exploranon drilling.

Blowouts during Drilling. prll frequenclcs are best expressed in terms of a risk exposure factor
such as number of wells drilled. On a worldwide basis approximately 36,633 offshore wells were
drilled from 1955 to 1980 of which 24,896 were development wells (Gulf 1981). The total number

_ of development wells drilled up to 1988 has been estimated to be 51,000 (Sharples et al. 1989). Thus

the frequency of extremely large spills from oil-well blowouts during development drilling up to
1988 becomes 3.9 x 10°* spills per well drilled (2/51,000) or one such spill for every 25,500 wells ~
drilled. A similar analysis can be done for so-called "very large” spills, that is those larger than
10,000 barrels. Referring to Table G-1 it is seen that, up to 1988, four development drilling blowouts
have produced spills in this category, so the spill frequencies for these become 7.8 x 107 spills per
well drilled (4/51,000)

The number of wells drilled worldwide since 1988 is not readily available, but the literature
indicates that only one large oil well blowout larger than 10,000 barrels occurred since that time (this
was the Timbalier Bay production-well blowout occurring in state waters of the U.S. Gulf of Mexico
in September, 1992). This means that estimates based on more current statistics would be evenlower

’ than those noted above because no drilling-related blowouts have occurred since 1988.

t
'
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Table G-1

Historical Large Oil Spills from Oﬁ'shore Onl-well Blowouts
Area ‘ Reported Spill Date Operation Underway
Size (bbl)
Mexico (Ixtoc l) " 3,000,000 1979  "Exploratory Drilling
Dubai . ~ 2,000,000 ~1973  DevelopmentDrilling
Iran' o ? 1983 Production
Mexico ‘ _ . 247,000 " 1986  Workover
Nigeria " - 200,000 1980 Development Drilling
North Sea/Norway ’ 158,000 i . 1977 Workover -
Iran - 100,000 . 1980  DevelopmentDrilling
U.S.A., Santa Barbara 77,000 1969 ° Production
Saudi Arabia ! 60,000 ) 1980  Exploratory Drilling
. Mexico ’ 56,000 1987 Exploratory Drilling
U.S.A,, S. Timbalier 26 53,000 . -1970 _ 7 C
"+, U.S.A., Main Pass 41 30,000 1970 Production
- U.S.A., Timbalier Bay/Greenhill 11,500 1992 Production }
Trinidad . 10,000 . 1973 Development Drilling
1. ' The Iranian Norwuz oil-well blowouts in the Gulf of Arabia, which started in Febmafy'1983
were not caused by exploratlon or dnllmg accidents but were a result of military actions during
the Irag/Iran war.

4
3

Blowouts during Production and Workovers. Table G-1 shows the occurrence of two extremely
large (>150,000 bbl) and five very large (>10,000 bbl) oil spills from blowouts during production
and workovers. Developing an exact risk exposure for these events is not easy because of lack of
data, but it is estimated that the total oil produced offshore on a worldwide basis up to the end of
1995 is about 100 billion barrels, and that the total producing oil well-years is 200,000 well-years
(SL Ross 1998). Generally, in analysing accidents in the oil and gas industry the exposure variable
of "well-years™ is used to normalize data for the continuous operation of production. This exposure
is also convenient to use for workovers inasmuch as these maintenance activities, although notbeing
continuous operations, usually occur with regularity, say, every five to seven years or s0 during the
hfet:me of a well.

On this basis the worldwide frequency of extremely large oil spllls (>150, 000 bbl) from oil-well
blowouts that occurred during production or workovers is 2!200 000=1.0x 10 blowouts/well-year.
For very largc spills (>10,000 bbl) the number is 2.5 x 10 blowoutslwell—year

Fmally, it is emphasized that the splll frequencies denved above for extremely large spills, however .
- Jow, are based on spills in countries (except Norway) that do not generally have regulatory standards

as stringent as those existing in the USA. For example, the largest oil spill in history, the Ixtoc I
oil-well blowout in the Bay of Campeche, Mexico, that occurred in 1979, was caused by drilling

s - f x 13 ' - 2
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procedures (used by PEMEX, Mexico’s national oil company) that are not practiced in U.S. waters
and which are contrary to U.S. regulatxons and to the accepted practices within the international oil
and gas mdustry

Calculated Frequencles for the Northstar Project

The exposure numbers for Northstar (wells to be drilled, well-years of operations, etc) are shown in

Table G-2.

"Table G-2 .
Drilling and Production Plans for Northstar

Years of Production \

- | il Producer Well-years
| Total Oil Productlon (Million barrels)
Well Statistics )
- Development Oil Producers
| | - Development Gas Injectors
|- Drilling Time Frame

Using the above worldwide spill frequency statistics as a basis for prediction, the Splll frequenc:les

estimated for the projects would be:

-
L

r

"Predicted frequency of extremely large oil Spllls (>150 000 bbI) from blowouts dunng a

drilling operation, based on an exposure of wells drilled: 21 x 3.9 x 10* = 8.2 x 10, This

" . represents a 0.082% chance over the two-year drilling period, or an average annual

probability of one in 2400.
Predicted frequency of very large oil spills (>l 0,000 bbl) from drilling blowouts based on

* an exposure of wells drilled: (14+7)x 7.8 x 10" = 1.6 x 10” or a 0.16% chance over the
dnlhng period. On average, the annual probablhty isonein 1300.

Predicted frequency = of extremely large oil -spills (>150 000 bbl) from
productxon/workover blowouts, based on an exposure of well-years: 266 x 1.0x 10°=2.7
x 10 or a 0.27% change over the project's lifetime (20 years) or a one-in-7400 chance
per year. This means that if the project continued forever at the same, fixed conditions,

- one could expect an oil spill larger than 150,000 barrels once every 7400 years

Predicted frequency of very large oil spills (>10,000 bbl) from productlon/workover

.blowouts, based on an exposure of well-years: 266 x 2.5 x 10°=6.7x102 ora 0.67%

chance over the project’s lifetime (20 years) or a one-in-3000 chance per year.

[
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Nc;w, consfdering the period of broken ice only, assuminé that the total period as a worst case is
approximately eight weeks (3 in break-up and 5 in freeze-up), the above blowout probability
numbers should be divided by 6.5 that is, 52 weeks /8 weeks). The final numbers are shown in Table
G-3 below. ' .

Ttis seen that for the first two years of the project, while virtually coﬁtinuous drilling is occurring,

the probability per year is one in 16,000 that an extremely large blowout oil spill (>150,000 bbl)
would occur during either the freeze-up or the break-up periods Once development drilling is
completed, the equivalent annual probability drops to one in 48,000. This means that if the
production operation were to continue forever at the given rates, one could expect an extremely large
spill during broken ice conditions once every 48,000 years.

One final note: In the scenarios it was assumed that the blowouts flowed unabated for a périod of
15 days. One of the main reasons that oil spills from historical blowouts have been relatively small
is that most have been brought under control quickly either through mechanical procedures or
because of the tendency of a blowing well to "self-bridge" and stop naturally. As discussed in SL
Ross 1998, for 145 blowouts in the U.S. Gulf of Mexico from 1956 to 1986, 60% were controlled
in less than one day, 81% were controlled in less than a week, and 91% within one month.

il
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: Appendix H

Addendum to Report: * ‘
. Realistic Scenario for the Spring Break-up Period

1

- ¥

1. Introduction - - , .

Following a review of the initial draft i‘ep&rt, a subsequent analysis was undertaken to address one

of the key limitations of the study. In the initial work, as reported in the main text of this report, the
weather and ice conditions were assumed to be unvarying throughout each of the six scenarios. This
is not a realistic situation. As described in detail in Chapter 2, the break-up and freeze-up periods
are likely to include a range of ice concentrations. This addendum to the original work considers the
response capability under a more realistic set of conditions for the break-up period only. The freeze-
up situation has been analyzed separately and is reported elsewhere. To avoid unnecessary repetition,
it is assumed that the reader is familiar with the approach and methodology of the analysis used in
the main text of the report, and where possible, reference is made to those analyses.

-
5
[

2. Description of Environmental Conditions

2.1 Assuniptions and Background

_The patterns and behavior of ice in the study area during the June and July ice melt and break-up

period were studied in detail for a five-year period (Vaudrey 1981 to 1985). This experience was
incorporated in the design basis ice criteria for the Northstar Development (Vaudrey 1996). Results
indicated that break-up typically commenced in the vicinity of Seal Island around July 4 with year-to-
year variations from an early break-up in the last week of June to a late break-up in the second week
of July. The decrease in ice concentrations from 10/10 fast ice immediately prior to break-up is
usually rapid with close to open water conditions (less than 1/10 ice) being achieved by July 26 on
average (std. deviation of 11 days).

A typical progression of ice concentrations in the vicinity of Seal Island would follow the pattern
below: '

¥

Onset of break-up: Day 1 . 9/10 ice with leads and fractures

b

*Days2-3 ) 7 to 8/10
Days4-5 5106/10
Days 6 - 15 . " 310510 -
.. Days1s-22 - . 'lw3no |
Day22-summer - . Oto1/10
,:1_ ’
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. Air temperature (day) " 45°F
- Air temperature (night) 35°F :
. Floe ice thickness 3to 5 feet, Days1to 3
1.5 to 4 feet, Days 4 to 15
Daylight | 24 hours _ |
Floe Size 500 to 1,000 feet, Days1to 3 -
’ : 50 to 500 feet, Days 4 to 15
. MeltPonds " . 40 to 50%, Days 1to 3
. 60 to 70%, Days 4 to 15
Ice Drift Rates* " use 3% of the wind for average (may
be double this average for periods of
hours)
Ice Drift Direction - use 30° to the right of the wind typ.
Sea State N/A for Days 1to 3
98% < 3 feet for Days 4 to 15
Visibility 22% < % nm
Ceiling 11% < 1,500 feet with vis, nm

_ The table below lists the other environmental conditions that will apply throughout the scenario:

=

*Note: only apply speed rule from Day 3 on. Ice is still too confined to move freely Days 1 and 2.
2.2 Descriptive Oil in Ice Scenario: Suggested Pettern' of Wind Events

The following description anempfs to paint a temporal picture of what might happen to the ice cover

around Northstar during a typical break-up sequence. It should be noted that there are literally

hundreds of credible combinations of ice, winds and temperatures that could lead to different
outcomes.

The table below summarizes the weather patterns and anticipated ice conditions around the island.
The sequence is not intended to represent any pa.rhcular year, but was created as a composite of
observed patterns of ice deterioration in the vicinity of Seal Island between 1981 and 1985 (Ref.
Vaudrey mdmdual reports) .



July 15 E 15 3 10 5/10 move to the NW past the island at rates up to |

!

. Table H-1: ' ; .
- Sequence of Wind Events Corresponding to a 15 day Break-up Scenario at Northstar

Anticipated Ice Conditions
. Vicinity of Northstar (Seal Island)

. deteriorated fast ice, 4 to 5 feet thick, starts to shift and
Dayl S . | fracture - concentrations remain at 9 to 9.5/10 il day

; but leads and cracks open up and large floes (>1,000
feet) start to become visible. Movements at this stage

* | limited to 100's of feet.

hlys E 15 - | ice starts to open ﬁp around the island with movements

Day 2 N of up to 1,000's of feet. Concentrations 8 to 9/10 fairly
homogeneous, :

July 6 | E 10 concentrations in the 7 to 8/10 range move steadily
Day 3 . past the island at about 0.3 kt.
July 7109 SE calm to 10 kt | 5 to 6/10 concentrations watlow around the island with
Days4to6 . | (variable) no consistent drift pattern. .
July 10 to 14 -N 5 310 5/10 (highly in homogeneous) concentration drift

f Days 7to 11 (variable) ’ ~ | slowly in the vicinity of the island with no particular

pattern and speeds less than 0.1 kt. Large (1,000's of
feet of open water interspersed with belts and patches j -
of ice up to 5/10) Floe sizes more likely in the 100- to §

« | 500-foot range. '

Day 12 ’ . ’ 0.5 kt. .

July 16 to 18 . | concentrations in the 1 to 3/10 range move
Days 13 to 15 sporadically in patches past the island with stretches of |
' _| open water forupto Yamile. .

3. Spill Behavior B ‘

¢ N §

An uncontrolled blowout occurs in early July at the Northstar artificial island releasing 15,000

. barrels of oil per day (BOPD) and 33 x 10° standard cubic feet (scf) of natural gas per day (a Gas-to- -

Qil Ratio [GOR] of 2200 scf/bbl). Over the 15-day period of the incident, the air temperature ranges
from a nighttime low of 35 °F to a daytime high of 45 °F. Daylight exists for 24 hours. The
surrounding water is initially covered by 9+/10ths deteriorating fast ice that is 3 to 5 feet thick. At
the beginning of Day 3 the ice sheet breaks up and begins to move under the influence of the wind.
Ice concentrations decline continuously after this and reach 1/10th to 3/10ths by Day 15. Table H-1

" shows the wind and ice conditions assumed for this scenario. The ice floes are initially 500 to 1000

feet in size; however, as breakup progresses the floes fracture and reduce to 50 to 500 feet in size
for Days 4 through 15. The ice is drifting at the same speed as the water (both wind-driven at 3% of

LS
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«3. - -
3
v

i



= oy M)

et T o I e B o

mmmmmm‘mmm”

the wind speed). Small waves (only a few inches in height, because of the reduced fetches in the ice)
are present on the open water between the floes on Days 7 through 15.

As the 011 and gas exit the 6.3-inch inside diameter tubmg at the wellhead the high velocity of the
gas atomizes the hiquid oil. The gas and oil droplets pass through the derrick or machinery spaces
and the droplets agglomerate. After this the volume median diameter' of the oil spray droplets is

" assumed to be 0.75 mm. The kinetic energy of the gas jet from the wellhead carries the droplets to

a height of 120 feet above the release point. From this point the oil droplets begin to fall as they are
carried downwind by the wind. The speed at which the droplets fall is govemed pnmanly by their

" diameter: larger oil drops fall much faster than smaller droplets. For example in still air, 2 0.75 mm

droplet falls at a speed of 7.5 ft/sec. If there were no turbulence in the wind, in the 16 seconds
required for a 0.75 mm diameter droplet to fall 120 feet, it would be carried more than 360 feet
downwind. In real wind conditions considerable amounts of turbulence exist and must be accounted
for in determining the trajectory of the oil spray. If the oil spray generated by the blowout were
imagined to be all one drop size (i.e., 0.75 mm diameter), the drops would still fall at different

.distances from the blowout because of the turbulence in the wind. As the spray of oil drops falls, it

is being spread horizontally and vertically by air turbulence, or meandering of the wind. In the time
required for 99.7% of the 0.75 mm droplets to fall to the surface the wind has carried the final few
0.75 mm droplets 920 feet from the blowout. The air turbulence also spreads out the droplets

' laterally as they fall, with the width of the “footprint” of the oil on the surface i mcreasmg with

distance from the source in a parabola-like shape.

_In reality, the spray of oil droplets is made up of many dlfferent droplet sizes. In determmmg the
" footprint of the oil spray on the surface, this must also be taken into account. This is accomplished
by dividing the full range of oil drop sizes produced by the blowout into nine smaller ranges, each
representing 10% of the total volume of all the oil droplets. Only nine drop-size ranges are used
because 10% of the volume of oil released is assumed to be in droplets so small (much less than 50
pm) that they remain suspended in the atmosphere and never settle out. Each range is characterized

- by a droplet diameter that is representative of the droplets in the same range. For example the largest

10% of the volume of oil spray droplets is represented by a 1.55 mm diameter oil droplet; the

" smallest 10% that will settle is represented by a 0.05 mm diameter droplet. The dimensions of the

oil spray footprint on the surface of fast ice adjacent to the island were calculated by determining the
deposmon rate as a function of distance downwind (from the product of the mean concentration of
a given droplet size in the air and that droplets terminal settling velocity) and the width of the oiled
area for 99.7% of the representative droplets 1 in each range to settle to the surface.

As the warm oil droplets fall in the air they evaporate. It is assumed that, regardless of fall time or
droplet diameter, the slick formed by the droplets has lost 20% of i 1ts volume to evaporahon

3.1 Dayl T ‘

" Asthe oil rains down on the surface of the fast ice it begins to accumulate in depressions and pools
_on the surface of the adjacent ice. Close to the source, starting about 50 m downwind of the

Ey

- 50% of the volume of 011 is contamed in droplets farger than the volume medlan diameter and 50% is contamned

. in droplets smallcr than the volume median dmmeter .

-4-
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~wellhead, the deposmon rate, averaged over the width of the plume, is high enough to exceed the

holding capacity (or equilibrium thickness, defined by McMinn 1972 as 38.1 mm for an assumed
effective roughness height of 0.5 feet) and the oil spreads away from the initial deposition zone.
Farther from the blowout the deposition rate declines and the width of the plume increases until the
point is reached where the slick thickness generated over the scenario time period does not exceed
the equilibrium thickness and the o1l does not spread from where it was untlally deposited. '

Over the 24 hours of Day 1 of the scenario (see Table H-1) 10,800 bbls of oil are deposited on the
ice: (15,000 bbl/day x 0.8 x 0 9). Figure H-1 shows the thickness of the slick on the ice downwind
of the blowout after the first day, when it is assumed that the ice moves and carries this oiled area
away to the NE. The first droplets of oil hit the ice surface some 50 m downwind of the blowout. A
short distance downwind of this the oil is deposited in amounts sufficient to exceed the equilibrium
thickness; this rate of deposition continues until a distance of 210 m from the blowout. In this area
the o1l spreads laterally away from the deposition zone. Figure H-2 shows the width of the oiled area
as a function of distance downwind of the source after 24 hours deposition. The zone where
additional spreading occurs is apparent. Figure H-3 shows a schematic “bird’s eye” view of the oﬂed )
ice after 24 hours deposition. The total oiled area is 31 ha (0.12 sq. mi.).

Figure H-4 shows the cumulative percentage of the 10,800 bbls of oil deposited per day that falls to
the ice as a function of distance downwind: 50% of the oil falls within 100 m; 75% falls within 220
m and 90% falls within 540 m. .

3.2 Day2 5
On Day 2 of the scenario two major ice movements occur: one at midnight and one at noon, dividing
the oiled area into two equal portions. Figure H-5 shows the thickness of each of the two equal areas
as a function of distance from the location of the source and Figure H-6 shows the corresponding
width. Figure H-7 shows a pictorial view of one area; the total area oiled in each portion is 30 ha,
for a total of 60 ha oiled on Day 2.

A
+

33 Day3 )

The dimensions of the slick on water or ice floes as they pass under the blowout plume on Days 3
through 15 were estimated as in the six “average” scenarios described in the text of the main report
(width and distance defined as those for 99.7% of a given droplet size to settle - thickness a function
of current speed). For the purpose of further predictive modeling of the fate and behavior of the
surface oil slicks, we use the footprint thickness at the point where all (99.7%) of the droplets of a
diameter representing 50% (by volume) have reached the surface. This thickness, and the
corresponding width, are used to define the starting dimensions of the “thick” portion of the oil slick.

On Day 3 the wind is 10 kt from the east and the current is 0.3 knots to the west. As such, the thick
slick is 180 feet wide and 1.3 mm thick at the starting point of the surface slick modeling Thisisat
a distance of approximately 920 feet downwind of the blowout. The thick slick at this point contains
about 60% of the oil that will eventually settle to the surface. As noted, at this point the oil slick is .

- assumed to be evaporated to 20% loss About 40% of the oil that eventually settles to the surface

falls beyond the 920 foot mark. Because most of these droplets are very small, they travel far

~
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&
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downwind and spread widely before settling out. Thesé droplets form‘a very thin shick on either side

of the thick oil. This very thin slick is a long, narrow triangular area with an average thickness that
is on the order of 35 pm (0.035 mm).

The apprommate mass bala.nce for the oil released from the blowout is: 20% evaporates from the .
drops in the air; the smallest 10% of the volume of the weathered droplets are so small that they
remain suspended in the atmosphere; about 60% of the remaining ol (or about 40% of the total - 0.6
x 0.7, composed of mostly the larger droplets) settles to the surface within 920 feet and, if it lands
on water, forms a slick 1.3 mm thick and 180 feet wide; and, 40% of the remaining oil (or about 30%
of the total - 0.4 x 0.7, composed of mostly small droplets) settles out farther downwind and forms
a thin (35 pum) slick bordenng the thick slick on both sides.

For the purposes of this scenario, it is estimated that 30% of thegoil spray lands on water and 70%
lands on the surface of ice floes. The thickness of this oil coating ice floes is estimated by summing
the amounts of oil of the various size ranges that settle onto the floes as they drift under the plume

“from the lee side of the island to the point at which oil droplets finish settling. Directly in the lee of

the island, over the distance required for 97.7% of the average size drops to settle out (920 feet), it
is assumed that the ice floes are coated evenly over a width equal to the plume width (in this case
180 feet). Further down drift, the oil coating is incremental. The average oil thicknesses on the floe
surface ranges from 1.7 mm near the center-line of the oiled strip to 0.007 mm out near the edges.
The spray that lands on ice floes is slowly flushed by melt water into the melt pools on the floes. The
flushing process results in wind-herded oil thicknesses on the melt pools of 10 mm. The oil covers
up to 60% of the surface area of the melt pools; the largest slicks are on floes near the center-line of
the oiled strip. This oil will evaporate at a rate negligibly different from the oil that falls on the water,

reaching a total evaporauve loss of 29% after 24 hours.

Table H-2 summarizes the predicted charactenstlcs of the thick slick over a time penod of 24 hours.
The oil that forms the thick slick on the water has a viscosity of 120 cP and a Pour Point of 10 °F
at the point where the on-water modeling is started. For the first 18 hours after its creation, the thick
portion of the slick on water continues to spread laterally as it drifts with the ice, reaching a width
of 410 feet and a thickness of 0.5 mm. After 21 hours, the oil has evaporated to a point (28%) where
it’s Pour Point (30°F) exceeds the ambient water temperature and the thick portions of the slick cease
to spread on water. -

The presence of ice ehmmates the wave action that would normally exist with a 10 knot wind and
‘suppresses natural dispersion and cmulmﬁcatlon of the oil slick.

The thick oil slick continues to evaporate slowly throughout the 24 hour modeling period. It loses
a total of 29% of its volume to evaporation after 24 hours. The viscosity of the unemulsified oil
increases to 170 cP after 12 hours and reaches 190 cP at 24 The Pour Point of the thick oil after 24
hours has increased to 32 °F.

P
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Table H-2: Summa of Da 3 slick charactenstlu _
Emulsification Slick
(% water vol.) viscosity

‘ (cP @ 30 °F)

- 3.4 Days 4,5 and 6 b L ’

On Day 4 the wind drops to 3 knots from the south-east and the current is 0.1 knots to the north-
‘west. As such, the thick slick is 180 feet wide and 4.2 mm thick at the starting point of the surface
slick modeling

i
'

Table H-3 summarizes the predxcted cha.racteristics of the thick slick on Days 4, 5 and 6 over a time
period of 24 hours. The oil that forms the thick slick on the water has a viscosity of 120 cP and a
Pour Point of 10 °F at the point where the on-water modeling is started. For the first 24 hours after
its creation, the thick portion of the slick on water continues to sp:ead laterally as it drifts wuh the
ice, reaching a width of 1000 feet and a thickness of 0.7 mm.

The presence of ice eliminates the wave action that would normally exist with a 3 knot wind and
suppresses natural dispersion and emulsification of the oil slick.

1

The thick oil slick continues to evaporate slowly throughout the 24 hour modeling period. It loses
a total of 32% of its volume to evaporation after 24 hours. The viscosity of the unemulsified oil
increases to 140 cP after 12 hours and reaches 160 cP at 24. The Pour Point of the thick oil after 24
hours has increased to 22 °F. .

- H
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Thick oil Emulsification | = Slick - ick sli Thick shck :
remaining on (% water vol.) viscosity i width
water (% of total o . | (cP @30°F) )

released

120
130
130
140

35 Days: 7 through 11

On Days 7 through 11 the wind is 5 knots from the North and the current is 0.15 knots to the North-
west. As such, the thick slick is 180 feet wide and 2.5 mm thick at the starting point of the surface

" slick modeling

Table H-4 summarizes the predicted characteristics of the thick slick on Days 7 through 11 over a
time period of 24 hours. The oil that forms the thick slick on the water has a viscosity of 120 cP and
a Pour Point of 10 °F at the point where the on-water modeling is started. For the first 24 hours after
its creation, the thick portion of the slick on water continues to spread laterally as it drifts with the
ice, reaching a width of 720 feet and a thickness of 0.6 mm. ;

" The presence of ice dampens the wave action that would normallfr exist with a 5 knot wind and

reduces natural dispersion of the oil slick compared to open water conditions. The slick is predicted
to begin to form a water-in-oil emulsion 42 hours after the oil had been deposited on the water
surface. If emulsification rates are the same in loose pack ice as in open water under identical winds,
the slick would be fully emulsified (75% water content by volume) after more than72 hours on the
water. T . -

The thick oil slick continues to evaporate slowly throughout the 24 hour modeling period. It loses
a total of 27% of its volume to evaporation after 24 hours. The viscosity of the unemulsified oil
increases to 150 cP afier 12 hours and reaches 170 cP at 24. The Pour Point of the thick 011 after 24
hours has mcreased to 26 °F
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Tluck 011 Emuls:ficatxon . Shck. . Th1ck shk

remaining on (% water vol.) viscosity thickness !
water (% of total "L cP@ 30 °F) (mm) ) .
__released - ’ -

3.6 Day 12

On Day 12 the wind increases to 15 knots from the east and the current is 0.45 knots to the west. As
such, the thick slick is 180 feet wide and 0 8 mm thick at the starting point of the surface slick
modeling.

Teble H-5 summarizes the predicted characteristics of the thick slick on Day 12 over a time period
of 24 hours. The oil that forms the thick slick on the water has a viscosity of 120 ¢P and a Pour Point
of 10 °F at the point where the on-water modeling is started. After 12 hours, the oil has evaporated
to a point (28%) where it’s Pour Point (30°F) exceeds the ambient water temperature and the thick
portions of the shck cease to spread on water. At this point it is 290 feet wide.

The presence of ice dampens thc wave action that would normally exist with a 15 knot wind and

- reduces natural dispersion of the oil slick compared to open water conditions. The slick is predicted

to begin to form a water-in-oil emulsion 15 hours after the oil had been deposited on the water
surface. If emulsification rates are the same in loose pack ice as in open water under identical winds,
the slick would be fully crnulsxﬁed (75% water content by volume) after 24 hours on the water.

The thick oil slick continues to evaporate slowly throughom the 24 hour modeling period. It loses

a total of 30% of its volume to evaporation after 24 hours. The viscosity of the unemulsified oil
increases to 180 cP afier 12 hours and reaches 7900 cP at 24 (due to emulsification). The Pour Point
of the thick oil after 24 hours has increased to 36 °F.

1

13-



[ SR B S

unsst IRl wsem RN oo

Table H-S Suemmary of Day 12 slick charactnstics

1 . "Thickoil - Emuls1ﬁcatxon Slick Thick shck 'I'hlck shck

(h) remainingon | (% water vol.).| . viscosity thickness width !

| water (%o of total | . (<P @ 30 °F) (mm) ®) |
|~ Initial 25 0 120 | .08 180
| 3 24 0 150 0.6 - 220

| 6 23 0 160 0.5 240 !

| 12 21 0 180 04 290 |

24 20 75 7900° 1.6° 290 J[

* takes emulsification mto account :

3.7 Days 13,14 and 15

OnDays 13, 14 and 15 the wind increases further to 20 knots from the East and the current is 0.6
knots to the West. As such, the thick slick is 180 feet wide and 0.6 mm tlnck at the starting point of
the surface shck modeling. .

Table H-6 summarizes the predicted characteristics of the thick shck on Days 13, 14 and 15 overa
time period of 24 hours. The oil that forms the thick slick on the water has a viscosity of 120 cP and
a Pour Point of 10 °F at the point where the on-water modeling is started. After 9 hours, the oil has
evaporated to a point (28%) where it’s Pour Point (30°F) exceeds the ambient water temperature and
the thick portlons of the slick cease to spread on water At th:s point it is 240 feet wide.

The presence of ice dampens the wave actlon that would normally exist with a 15 knot wmd and
reduces natural dispersion of the oil slick compared to open water conditions. The slick is predicted

" to begin to form a water-in-oil emulsion 12 hours after the oil had been deposited on the water

surface. If emulsification rates are the same in loose pack ice as in open water under identical winds,
the slick would be fully emulsified (75% water content by volume) after 18 hours on the water,

The thick oil slick continues to evaporate slowly throughout the 24 hour modeling period. It ioses

_atotal of 31% of its volume to evaporation after 24 hours. The viscosity of the unemulsified oil

increases to 2900 cP after 12 hours and reaches 8500 cP at 24 (due to emulsification). The Pour Point

_of the thick oil after 24 hours has increased to 39 °F.
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_Table H-6' Summar oi' slick charactens over the first 24hurs of Days 13 14 andlS _'

Thick 0il ° | Emulsification | . Slick Thick slick | Thick slick
remaining on (% water vol.) viscosity .| thickness width
water (% of total ' (cP @ 30 °F) f)

* takes emulsification mnto account

4. Countermeasures
4.1 Overview 4

The selection of countermeasures will vary according to the ice concentrations. As described in the
main text of this report, in a break-up scenario the two main tactics of in situ burning and
containment and recovery are comparable in their effectiveness at dealing with oil amongst broken
ice floes. This is because the slicks that result from blowout spills are not thick enough for effective
skimming or bumning unless the oil is first concentrated and thickened. /n situ burning does have an
advantage over skimming when it comes to buming oil that lands on ice. Given the above-freezing
temperatures, oil that lands on ice will accumulate and thicken somewhat in melt pools on the
surface of the ice. This thickening process allows for in sifu burning of oil that would otherwise be
present in only thin sheens and thus difficult to recover. As well, at the start of the break-up period
the ice is relatively motionless for a few days, during which time the oil from the blowout will
accumulate downwind of the source in bumable thicknesses. In this situation, in sifu burning would
be the primary response option, although for safety reasons, it would not take place until the oiled
ice moved away from the blowout source.’ ’
4.2 Dayl ) - :

The oil that is deposited on the ice in the first two days of the blowout is ideally suited for removal
by in situ burning. Approximately 75% of the oil that hits the ice is located within 700 feet of the
blowout (some 8100 bbls), in very thick slicks (about 40 mm). Another 20% of the oil that hits the
ice is located up to 3300 feet from the blowout (some 2160 bbl) in thinner slicks (as thin as 0.6 mm).
When the ice containing the first day’s oil deposits moves away from the island on Day 2, the oil
would be burned. Igniting the thick oil near the source-end of the area would result in a burn 0f95%
removal efficiency (or 7700 bbls), leaving behind a residue of about 2 mm (or 400 bbls). The thinner

+ oil, concentrated in melt pools, could be burned with an average removal efficiency of 80% (or 1730

¢
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- melt pools that would form on ice floes.
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_bbls), leaving behind a 1 mm thick residue on the melt pools (or 430 bbls). In total, of the 10,800

bbls of oil deposited on the ice surface on Day 1, 9430 bbls, or 87%, could be removed by in situ
burning. This corresponds to 63% of the total blowout flow of 15,000 barrels.

43 Day2 ;
On Day 2 two ice movements occur creating two individual oiled ice areas, which for these purposes
are assumed to be identical. Approximately 70% of the oil in each of the two areas that hits the ice
is located within 560 feet of the blowout (some 7600 bbls in total), in very thick slicks (about 40 -
mm). Another 25% of the oil that hits the ice is located upto 3300 feet from the blowout (some 2700
bbl) in thinner slicks (as thin as 0.3 mm). When the ice containing the second day’s oil deposits
moves away from the island on Day 3, the oil would be burned. Igniting the thick oil near the source-

end of both areas would result in a burn of 95% removal efficiency (or 7200 bbls), leaving behind
a residue of about 2 mm (or 400 bbls). The thinner oil, concentrated in melt pools, could be burned

_ with an average removal efficiency of 80% (or 2160 bbls), leaving behind a 1 mm thick residue on

the melt pools (or 540 bbls). In total, of the 10,800 bbls of oil deposited on the ice surface on Day
2, 9360 bbls, or 87%, could be removed by n situ burning. This corresponds to 63% of the total
blowout flow of 15,000 barrels.

¥

In ice concentrations greater than 5/10ths, in situ burning would hkely be the response tactic of
choice. Although in situbumning offers little theoretical improvement in effectiveness compared with
containment and recovery, the lesser logistical requirements will likely lead to greater effectiveness
in an actual spill incident. As well, in situ buming offers the potential to bum oil contained in the

*

The refjmrements for in situ burning in this scenario would be three burn systems, each using 300
feet of fire boom and two tugs. A helicopter carrymg a Heli-torch would support the burn operation
The encounter rate of each burn unit for this scenario would be:
» ISB encounterrate = (300 feetx 0.33 gap)x 0.7 mm x 0 3 knots x (1-70% 1ce)
: = 22 bbl/hr .

The ISB system would be used in a “batch” mode. Oil would be collected in the back of the boom
for a certain period of time, then the system would be moved away from the heavy concentrations
of oil and the accumulated oil would be bumed off. It is assumed that the thick slick is encountered
and collected for 50% of the time, and the remainder of the time is spent burning off the accumulated
oil and maneuvering the unit back into the thick oil slick. This equates, over a 24-hour day, to
collecting oil for 12 hours and burning and maneuvering for 12 hours. Each individual burn would
take about 1.2 hours from ignition to extinction. Twice each day, the section of fire boom would
have to be replaced. It is potentially twice as efficient to collect and bum simultancously; however,
because the average oil slick thickness emanating from the source is close to the minimum ignitable

. thickness for weathered crude (ca. 2 mm) there would be a danger of the fire burning back to the spill

source, | . ; , . (
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4.5 Days4,5,and 6 . ) U , .o

The estxmated daily removal rate for one ISB unit is thus

ISB unit daxly removal rate from the water surface = (22 bbl/hr X 24 hr) x O 5 =264 bbl
If three units were deployed to encounter the entire thick slick available the total daily ISB removal
rate from water would be 792 bbl. This would be slightly higher than the potential effectiveness of
three containment and recovery units because it is envisioned that burning, then maneuvering theISB
unit back into the thick oil will take less time than for the conventional boom and skimmer system.

The oil that falls on the ice floes in this scenario is ideal for in situ burning operations. After
allowing the surface oil to concentrate in melt pools, about 75% of the surface area of the pools
would be covered with 10 mm-thick oil. Taking into account an average oil-removal-by-burning
efficiency of 80%, and conservatively estimating that only oil in melt pools greater than 50 fi (90%
of the total) would be ignited by Heli-torch opcmtions, the overall oil removal by burning becomes:

daily oil removed from floes by buminé = 15,000 bbl x 50% onice x 80% x90% |
. = 5400 bbl ' :

The ISB operations targeting the oil on ice floes would continue until all the available oil had been

[ignited. Delays in operations due to response time and environmental factors would not affect the

overall removal effectiveness. The estimate of ISB effectiveness expressed as a percentage of the
total blowout flow and including operations on both water and ice for Day 3 of the scenario, is:

(792 + 5400 bbl/day) - 15,000 bb]/day
l%

Oil volume removed by ISB

5

Similar tactics would be employed for Days 4 through 6 as the ice concentration decreases to 5 to
6/10ths. At a distance corresponding to 12 hours downwind of the spill source, the thick slick width

_ i3 760 feet and the thickness is 1.0 mm. The ice and the slick are drifting at a rate of only 0.1 knots.

Using this as an encounter speed would result in a very slow operation. Rather, it is likely that the

' operation would proceed at a greater speed, say 0.4 knots, in a downwind direction to maximize the

encounter rate of oil. (Selecting 0.4 knots as the encounter speed allows two units, each with an
encounter width of 100 feet, to effectively encounter the entire width of the thick slick: 2 units x 100
feet x 0.4 knots is approximately equal to 760 feet x 0.1 knots.) Using two in situ burn units, each
comprising 300 feet of fire-resistant boom and two tugboats and supported by one Helitorch, the
following estimates can be made for effectiveness of “on- water” burning. The encounter rate of each
system would be: J
ISB encounterrate = (300 feet x 0.33 gap) x 1 0 mm x 0 4 lcnots x (1-50%ice) '
= 71 bbl/hr

As for the Day 3 scenario the ISB systems would be used in a “batch” mode. The estimated daily
removal rate for one ISB unit is thus:

-
- -
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ISB unit daily removal rate from the water surface = (71 bblhrx24 hr)x0.5= 852 bbl -

If two units were deployed to encounter the entire thick slick avallable the total daily ISB removal
rate from water would be 1704 bbl. - ‘

As in the Day 3 scenario, the oil that falls on the ice floes could also be dealt with by in situ burning.
Afier allowing the surface oil to concentrate in melt pools, about 75% of the surface area of the pools
would be covered with 10 mm-thick oil. Taking into account an average oil-removal-by-burning
efficiency of 80% and conservatively estimating that only oil in melt pools greater than 50 f2 (90%
of the total) would be ignited by Heli-torch operahons results in an overall oxl removal by burning
of:

daily oil removed from floes by burning 135738?; Il;}’l X 35% on ice x 80% x 90%

The ISB operations targeting the oil on ice floes would continue until all the available oil had been
ignited. Delays in operations due to response time and environmental factors would not affect the
overall removal effectiveness. The estimate of ISB effectiveness expressed as a percentage of the
total blowout flow and including operations on both water and ice for each of Days 4, 5, and 6 of the
scenario, is: . , . )
. Qil volume removed by ISB

-

‘non

(1704 + 3780 bbl/day) 15,000 bbl/day
3'7% ,

-

4.6 Days 7 through 11

. In ice conditions of 3 to 5/10ths, either containment and recovery or in situ bnming could be

considered. As described in the main report, these two options would be similarly effective at dealing
with oil on the water among ice floes. In situ burning does provide a major advantage in the break-up
situation in that oil that is deposited onto the ice will form melt pools on the ice that can be
subsequently burned. For this reason, it is assumed for the following that the response tactic would

.be in situ bumning, using fire-resistant boom to concentrate oil from amongst ice floes, and using the

Helitorch to ignite oil contained in melt pools on the ice.

- . The cleanup tactics would be the same as those employed for Days 4 through 6, but the effectiveness .

estimates will vary slightly as the ice concentration decreases to 3 to 5/10ths. At a distance
corresponding to 12 hours downwind of the spill source, the thick slick width is 540 feet and the
thickness is 0.8 mm. Again, the ice and the slick are drifting at a rate of only 0.15 knots which, if

_used as an encounter speed would result in a very slow operation. Rather, the calculation procedure

here assumes that the operation would proceeds at a speed of 0.4 knots, in a downwind direction to
maximize the encounter rate of oil. (Selecting 0.4 knots as the encounter speed allows two units,
each with an encounter width of 100 feet, to effectively encounter the entire width of the thick slick:
2 units x 100 feet x 0 4 knots is approximately equal to 540 feet x 0.15 knots.) Using two in sifu burn
units, each comprising 300 feet of fire-resistant boom and two tugboats and supported by one

+
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) 4.7 Day 12 ’ ‘ '

« Helitorch, the following estimates can be made for effectiveness of “on-water” burning. The
encounter rate of each system wouldbe:

ISB encounter rate (300 feet x 0.33 gap) x 0.8 mm x 0 4 knots x (l 40% ice)

= 68 bbl/hr

Usiné the same assumptions used previously i'egarding a batch-bmn process effectively using 50%

. of a 24-hour day, the estimated daily removal rate for one ISB unit is: e

ISB umt daily removal rate ﬁ'om the water surface = (68 beh} x24h)x0.5= 816 bbl

If two units were deployed to encounter the entire thlck slick avaxlable the total daily ISB removal
rate from water would be 1632 bbl. < .

As in Days 3 through 6, the oil that falls on the ice floes could a]so be dealt with by in situ burning.
After allowing the surface oil to concentrate in melt pools, about 75% of the surface area of the pools
would be covered with 10 mm-thick oil. Taking into account an average oil-removal-by-burmning
efficiency of 80% and conservatively estimating that only oil in melt pools greater than 50 fi* (90%
of the total) would be ignited by Heh-torch operations results in an overall 011 removal by burning
of :
daily oil removed from floes by burning = 15,000 g})l x 28% on ice x 80% x 90%
N = 3024 b

The ISB operations targeting the oil on ice floes would continue until all the available oil had been
ignited. Delays in operations due to response time and environmental factors would not affect the
overall removal effectiveness. The estimate of ISB effectiveness expressed as a percentage of the
total blowout flow and including operations on both water and ice for each of Days 7,8,9,10,and 11
of the scenario, is: )

* Oil volume removed fromice by ISB = (1632 + 3024 bbllday) + 15,000 bbl/day
B = 31%

)
“

The cleanup tactics would be essentially the s;me as those employedmfor the previous eight days,
except that a third in siu burning system would be required to encounter the entire thick slick width

- at the prevailing drift speed of 0.45 knots. At a distance corresponding to 12 hours downwind of the

spxll source, the thick slick width is 290 feet and the thickness is 0.4 mm. Using three in situ burn
units, each comprising 300 feet of fire-resistant boom and two tugboats and supported by one
Helitorch, ‘the following estimates can be made for effectiveness of “on-water” burning. The
encounter rate of each system would be:

. ISB encounterrate = (300 feet x 0.33 gap) x 0.4 mm x 0. 45 knots x (1 30% ice)
- = 45 bbl/hr ’

.
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Usingvthe same assumptioﬁs used previously regarding a batch-bum process effectively using 50%
of a 24-hour day, the estimated daily removal rate for one ISB unit is:

Al

ISB unit daily removal rate from the water surface = (45 bbl/hr x 24 hr) x 0.5 = 540 bbl ‘

-If three units were deployed to encounter the entire thick slick available the total daily ISB renioval
rate from water would be 1620 bbl.

The calculation of oil removal by burmng from ice floes is sumlar to the prewous Days 3 through
11, except that the percentage of oil in pools greater than 50 fi* diameter is reduced to 85% to
account for the lighter coating of oil: . ‘ ;

15,000 bbl x 21% on ice x 80% x 85%

daily oil removed from floes by burning
, 2142 bbl

The ISB operations targeting the (;il on ice floes would continue until all the available oil had been
ignited Delays in operations due to response time and environmental factors would not affect the
overall removal effectiveness. The estimate of ISB effectiveness expressed as a percentage of the

* total blowout flow and including operations on both water and ice for each of Dayl 2 of the scenario,

is: 1 .
4 »

(1620 + 2142 bbliday) + 15,000 bbliday
25%

0il volume removed from ice by ISB

£l

4.8 Days13,14,and 15

In ice conditions of 1 to 3/10ths, containment and recovery operations would be the preferred option
applicable and could be fairly effective. Compared with the scenarios in higher ice concentrations,
a greater percentage of the oil falls on water (rather than ice) and is thus available for recovery. Also,
the lesser ice concentrations mean that containment opcranons can be carried out with little down-
time due to ice incursions

As in the scenarios previously described in the main report, the relatively narrow slick of thick oil
means it can be encountered in its entirety by one or two containment and recovery systems. For the
moment the evaluation will consider one system operating at a fixed location down drift of the
blowout site, with the potential effectiveness of additional systems analyzed later.

The slick conditions of interest are those at a point 3 hours down drift of the blowout: the thick slick
is 200 feet wide and averages 0.5 mm thick. Combining this with the drift rate of 0.6 knots, and
accountmg for the ice concentration of 10%, the encounter rate for oil on water and available for
recovery is eshmated as:

encounterrate = (300 feetx 0. 33 gap 1'3110) X0.5mmx0. 6 knots x (1 - 10% 1ce)
= 9 bbllhom-

:20- !
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This encounter rate is less than the derated recovery rate of several of the offshore skimmers that
could be used, so the encounter rate is the limiting factor and is used in the calculations of recovery
effectiveness. Following the same calculation procedure and guidelines for oil recovery efﬁcxency,
the total fluid recovery rate can be estimated as shown below:

__Table H-7: Fluid Recovery Rates for Da ; 13-15
Calculatlon ‘

lesser of system encounter rate and derated recovery rate

oil content in recovered fluid (recovery efficiency) = 20% 384 bbl/hr

| emulsified water | emulsified water content in recovered fluid=40% | 64 bbl/hr
| free water total water less emulsified water - ‘ 320 bbV/hr |
| oil + emulsified water+freewater | 480bblhr

Compared with the previous scenarios in the main report, the main difference here is the lesserice .
concentration and its effect on containment efficiency. For the 10% ice condition, the containment
efficiency is assumed to be 90%; that is, the containment operation is effective for 90% of the time
accounting for interruptions related to clearing ice from the containment and repositioning the system
when avoiding large floes. Given the 24-hours of daylight at this time of year, the total fluid volumes
- per day are calculated in the following table, combining thc hourly rates and the 90% encounter
efficiency. .

_Table H-8: Estimate of Recovered Fluids ':2 Period
Item ‘ Calculation

 total fluids per 24 hours * 480 bbl/hrx 24 hoursx90%  © | 10368 bbl

 total free water 320 bblhrx 24 howrs x90% . | 6912 bbl

volume that can be decanted total free water x 80% > 5530 bbl

total fluids stored per 24 hours total fluids less decant 4838 bbl
 oil " | 96 bbl/hr x 24 hours x 90% 2074 bbl
| emulsified water 64 bbl/hr x 24 hours x 40% -] ~ 1382 bbl
free water - | total free water x 20% - | 1382bbl

- The above {calculations were for one system which could encounter half the width of the thick slick.

A second system could be used, with identical recovered oil and fluid volumes. As in the previous
break-up scenario, additional systems could be used to attempt to recover oil from the thick slick that

, is missed by the first system. The target for the additional systems is the oil that escapes containment .

due to inefficiencies associated with ghe ice conditions, fassumcd to be 10% for the 90% ice

- .
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condition. Using the same calculation procedure as detailed in the main report, two additional
systems are considered. For each system, the encounter rate is estimated by subtracting the oil
recovered by the previous system and estimating an equivalent average onl thlckness The following
table summarizes those calculations.

Esnmate of Shck Condltlons and Fluid Recovery for Two Addltional Systems -

System Encounter .|. Encounter . Oil recovered - Total fluid
thickness rate per 24 hours per 24 hours

#1 0 049 mm 9bblhr 194 bbl 972 bbl
#2 - | 0049mm | 9bbbhr | 194bbl . 972bbl

Note that the slick remaining after these two systems would be an average of only 0.007 mm thick,
with an encounter rate of less than 1 bbl/hour and a daily recovery volume of much less than 1% of

" the daily blowout volume.

The followmg is the estimate of eﬁ'ectlveness for each of Days 13 through 15, expressed as a
percentage of the total blowout ﬂow

(2x2074 +2 x 194) bbl/day — 15 000 bbl/day

Recovered oil volume =
: : r o= 30% \ ) -

5

In situ burning could be considered as an option for dealing with the small fraction of the oil tlmt
lands on ice floes. In this instance, in sifu burning would supplement the containment and recovery
operation. Using the same calculation procedure as for the previous Days 3 through 11:

15,000 bbl x 7% on ice x 80% x 85%
714 bbl -
4.8% of 15,000

" daily oil removed from floes by buming

4

The total oil removal for Days 13 - 15 is thus (30% + 4.8% = 35%). T

4.9 Summary of Effectiveness : .

Table H-9 summarizes the estimated effectiveness for each of the 15 days of the scenario. The
highest effectiveness values are for Days 1 and 2 when oil that pools in a thick layer on the relatively
stationary ice and can be removed through in sifu bumning. The lowest values is for Day 12 where
the moving broken ice reduces the effectiveness of cleanup operations. The average effectiveness
over the 15-day period is 38% of the total 15,000 barrellday blowout flow, and 53% of the oil that
lands on the ice and/or water surface. _
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Table H-9: Summary of Response Tactics and Esﬁm;ted Effectiveness

i’

Day Main Response Tactics . Estimated Effectiveness
’ " | . of total blowont | of oil that lands
) flow on ice/water
' surface’ |
1 in situ burning of oil on ice L ' . 63% 87%
2 in situ burning of oil onice -+ . ' 63% 87%
3 | in s1tu burning of oil amongst and on ice 41% 57%
4-6 in situ burning of oil amongst and on ice 3% - 51%
7-11 in s1tu burning of oil amongst and onice + 31% 43%
12 in situ burning of oil amongst and on ice" 25% 35%
13-15 | containment and recovery and in situburning | - 35% 49%
‘ Average . ’ 38% 52%
"Note the estmated volume of oil that lands on the ice/water surface takes into account the assumed 20%
“ evaporative loss and the further 10% of oil drops that are so small when discharged from the well that they
remain in the air and never land

3
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